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A COIMPARATIVE STUDY OF THE SPEECH COORDI¬ 
NATIONS OF DEAF AND NORMAL SUBJECTS'*^ 

Ft out the Clarke School Jor ike Deaf, Northamflon, Hlassachnselts 


ClARINCI V. IIUDOJNS 


speech of tlie de.if presents various degrees of abnormalities. 
There is no snc)i thing as standaid "deaf speech ” The speech of 
normal individuals presents tlie only standard by which the speech of 
the deaf can be judged. It isj therefore, essential that any study 
of tlic speech of the deaf be undci taken as a comparative study in 
wliicli the speech of the deaf and the speech of notmal subjects arc 
considcicd. The kymogiaphic method offers one of the best means 
foi such a study. It is possible to obtain detailed lecords of the 
speech jncchanjsni in acuon Kymogiapbic icrords taken fiom both 
dciif and noinial subjects show detailed differences and give us an 
objective measuic of tiie degree of abnormality of the speech of deaf 
subjects. 

In the present study a gioup of normal suhj’ects and a group of 
deaf subjects were rcc{uiiccl to lepeat phii^cs of diffeient lengths 
wliile tr;icings fjoni the breathing iniisdcs and of the air picssuic 
outside llie moutli weic iccoidcd The lecords wcie then studied 
in detail and compaiisons wcic made. 

•Accepted h)i piililienuon by Walter S Hunter of ibc Edjton.d Board 

H’lic c<perimeiitnl woik of tliia papci was conducted at the Claike School 
for ilie Deaf at Noitliomiiton, MassacUuscits, during the school year of 
1933-33 I inkc tlin upporlHuity of eipressing my appreciatjoi) to Miss 
Bessie N Leonard, I’nuapal of the School, for her cooperation, especially 
in providing paits of the apparatus It is n pleasure to acknowledge the 
cooperation of Mns AnTiettc IIowcs and Miss Mary Numbeis, teachers of 
the scliool, >viio managed the routine of providing subjects for the experi¬ 
mental gioiips I am deeply indebted to Dr. Ruth Guilder and to her 
associate, Miss Louise IIopLins, who gave me access to their files of audio- 
mctric records and pcrsotiaf advice in the giouping of the subjects as to 
their degree of deafness Miss Elirabeth M Collins of the Smith College 
Day School piovided a large numhei of the uormal subjects from among 
lici puiiih 'I'lic ciitiic Naimal Training Class put the vviiter tindei 
obligations by sciving ns subjects I am cspccinlly indebted to the Psycho¬ 
logical Lahointorics of Clark Umveisity and Oberlin College foi the loan 
of v/ilii/iblc fl|>i)nin!iis with whitli to carry out die expciiincnts Mrs 
Kutli B, Iliulgiiis leiulcrcd valuable assistance in measiiiing the records 
and in ilic ‘itnusticnl treatment of (he data 
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The Clarke School (or the Deaf offet-i ad cuelleiU field foi Micl] 
a study. The school has been, since its foundmn, an arch-tit advcic.ite 
of the “oral method” in tcaduuK the deaf. Ora! sihtlIi and lip 
reading are the only means of commiiiucalinn used aninnu its i>upils. 
It has been since its founding a Iciuhng school in its hold, :nul the 
speech of its pupils may he taken as representative of pupils in such 
institutions 

I sMl present (1) hrici dwcii.ssiw) f>f tlic nonn.d spcM-cli co¬ 
ordinations, (2) appaiatiis and inciliods, (.1) lesphs, and (4) dis¬ 
cussion of results. 

This Normal Spfccii Cookuiwations 

Normal speecli consists of a series of rapid, Inghly ‘skilled move¬ 
ments of both the breathing muscles and the musdes of aiticulaiion. 
These movements may be made audilde by the Miunds wliich they 
produce, but the movements thcmsoivcs are of piiminy imporlanLC 
in any phonetic analysis, The noimnl speaker cmurols tilt* move¬ 
ments of speech by the sounds produced, hut cuch fioin the move¬ 
ments tliemssclvcs play nn impoitant lole in this conuol. In tlie 
speech of the deaf, cues from the movements themselves nwist be 
the essential controlling factors biiice the sounds are nevei Iiciud in 
ordinary speech 

Since movements are tlie essential things in speccli, ihc cooidina- 
tions involved must be understood if me aie to make an .analysis 
of the speech of the deaf. Any phonetic analysis, thoiefocc, must 
start witli a consideration of the fundamental movements of speecli, 
i.e, the chest pulse for the syllable, and the Iiukci breathing move¬ 
ment for the phrase which groups these syllabic pulses into "bie.ith 
groups^' A brief summary of the normal function of the spcccli 
mechanism follows. 

The Speech Muscles. Figure 1 is a diagiaminatic di.nvmg of 
a cross-section of the trunk showing the vanous breathing muscles 
and the two principal oppo;>ing muscle gioujis. 'Die fust gioiij) 
produces the simple pulse for the syll.-ible. The sniallct clic'st iiiusch'-. 
between the ribs and the direction of their fillers arc indicated in the 
drawing by the diagonal lines between the pans of ubs. 'Tlic intci- 
costal muscles, like most muscle groups m the body, aic immiged 
in pans, the members of which work in opposition, 'I'lic internal 
inteicostals (LI, Figure 1) slant diagonally ilowinvaul and bark- 
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A The reciprocating muscles which piodiice the syllable pulse (the riba 
are exposed to slioir the two loyers of inteicostal muscles) 

II —^I'hc internal Intercostal muscles They aic more pronounced near 
the steinum The action of these muscles rotates the iiba down¬ 
ward decreasing the capacity of the chest and expelling air for 
the sylhible pulse (Muscles of expiration ) 

El —Tlie cxtcinnl intercostal muscles They arc more pronounced near 
the spine The action of these muscles rotates the ribs upward 
incnnsing the capacity of the chest and arresting the flow of air 
for the syllable ptilf (Muscles of inspiration) 

B. The lecipiocnting muscles which execute the phrasing movement and 
group the syllables into accented feet, oi breath groups 
iJ—The rectus abdomints is the leading muscle of the abdominal group 
The viscera tiansmits the pressure set up by the contraction of 
the abdominal group (o the diaphragm (Muscle of expiration) 
D —The diapliugm in cioss-scction When the larger muscles of the 
chest fixate the “iih cage” the contraction of tlic diaplungm en¬ 
larges tlie chest, forces the viscera downward, and the abdonnnaJ 
muscles outward (Muscle of inspiration) 
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ward; when they contract, the ribs aic rotated downwnu), decreas¬ 
ing the volume of the chest cavity. They aic nnisclcs of expiiiition 
(3) The external mtercostals {EJ, Fi!^ulc 1) slant diaKonally 
downward and fojward; when they contiact, tlic iibs .iic rotated 
upward, enlarging the cliest volume They aie muscles of inspirfi- 
tion (3). The small mechanical models on cithei side of the draw¬ 
ing (Figure 1) indicate the action of tlie iriicicostal muscles. 

The second group in opposition is the ubdomiuul-thmacic 
The larger muscles of respiration which play an impoitaiu part in 
speech are the abdominal muscles ami the dmphr.ijfni {R anil D, Fig¬ 
ure 1) The diapliragm is a muscle of mt.piiution, the contraction of 
which enlarges the chest cavity by Icnvering llic “floor” of tlie clicst 
This action of tlie diaphragm is opposed by the abdominal muscles, tlie 
rectus (J?, Figure 1), the latcial obliques, and tlie tr.uisveise nius- 
deb, which are not shown m the figuie Tlic abdominal niusclcb 
are, therefore, muscles of expiialion. The contiaction of the ab¬ 
dominal muscles constricts the abdomen and foices the viscera up¬ 
ward against the diaphragm- This action is indicated on the figuie 
by the curved arrow. 

The Cliest-^ibdofniiial Poj/«r^ Speech is a modified foiin of 
breathing; the action of the bleaching muscles duiing speech is a 
variant of the ordinary breathing cooiclinntioii. Since speech occurs 
on the expiratory phase of rcspiiation, the oxpiiatory movement us 
slower than in ordinary breathing, while inspiiation ocems in quick 
intakes of breath between pluascs. The chcst-alKlomiiial posture 
during the phrase is worth noting. In pieparation for the phi.ibc, 
air is drawn into the lungs and the chest is poised in a slightly inflated 
position. The air in the lungs is not undev prcssuic As the phrase 
starts the abdominal muscles contract sliglitly m advance of the 
syllable stroke. This anticipatory contraction of the abdominal mus¬ 
cles compresses the abdomen and forces the viscera upward against 
the diaphragm, thus providing a firm support for the action of the 
chest muscles. With this support from below, the expiratoiy 
muscles of the che^t make quick stiolces which foicc pulses of air 
upward through the tiachea, these are the syllable pulses. Without 
this firm support of the abdominal muscles, the sudden compiesslon 
of air in the chest which occurs witii each syllable pulse would tend 
to force the diaphragm downw.ard and the foice of the syllable 
movement would be partly dissipated. The abdominal muscles 
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continue tlic contiactton in a slow contioHed movement as the 
phiasc continues and moic air is expelled. The diaplnagm is forced 
higher within the chest while the lowei part of the chest is pulled 
downward. The chest descends giadually, adjusting itself to the 
depleted air supply and to the action of the abdominal muscles. 
TJius a giadually changing postuie is maintained throughout the 
phiasc. As tlie phiase ends the laigc muscles of inspiration quickly 
inflate the chest, the diapliiagm contiacts, forcing the viscera down- 
waid; the abdominal muscles xelaT, the cliest is elevated and an 
flows into the lungs foi the next phiasc 

The Movement of the Syllable. The smallest unit movement of 
spcecli IS the movement of the syllable This is a quick “ballistic” 
movement of tlie smaller expiratory muscles of the chest which sends a 
pulse of air upwaid thiough the tiachea (6, 1). Tlie movement of the 
consonant winch releases oi aiiests this pulse of air cannot be consid- 
cied a sepal ate element because it occurs only as an accessory move¬ 
ment to the syllable itself, and has no independent existence in spcecli, 
apait fioiu the syllable in which it functions. The attempt to pioducc 
a scpaiate “consonant sound” lesults in a voiced or whispered syl¬ 
lable. For instance, when b o\ p are spoken alone they are re¬ 
leasing consonants of either voiced oi whispered syllables bn and pn 
The movements of the muscles of the larynx which contiol the glottal 
slit through whicli the pulse of air must pass have a sccondaiy func¬ 
tion in the syllable, the formation of the vowel tone, but that they 
.nc not of primaiy impoilance in pioducmg the syllable pulse is 
shown by tlie following facts* (n) The muscles of the larynx do not 
conti.ict faster than 4 oi 5 times per second (1) while the syllable 
may continue up to a late of 8 to 10 per second (Z>) Laiyiigecto- 
niized subjects leaiii to make all the sounds of a language and 
achieve normal speech by means of an aitificial larynx m which the 
vibiations aie controlled only by the an pulses from the chest (9). 
The syllabic movement is, tlicrefoie, the fundamental unit move¬ 
ment of speech 

Plow do wc know that the syllable movement is a function of the 
mteicostal muscles? In the first place, the position of these muscles 
and the diicction of then fibeis (Figure 1) indicate that sucli a 
function IS possible Fuithcimoic, Maitin and Plnitwell (3) in 
1879 (Icmonstiated that the external intcrcostals were muscles of 
inspuation and that the mtcinal inlcicostals wcie muscles of ex- 
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piration Tlie high i^tc at U’liich f,vllnl)lc‘; may he simken is suni- 
cient proof that the movements aie nude hy a gicmp of smaller 
breathing muscles. It is possible to lepcat syllables at a latc as 
high as 8 to 10 per sccoiui. Movemenis at this rate cannot he 
made by the larger abdominal muscles l)ec.iu''e of their si/,c and the 
mass to be moved. At latcs of utteramc higher than 3 to 4 per 
second the abdominal muscles become fixated. J he ^yllabh /mhes 
can be deviouslrafed, hozuevvi, up to the jmiMuiurn speed of utHi- 
ance (7) Finally, aatlon-cuircnt lecords have been oht.iincd from 
the intercostal muscles winch clearly indicate the rccipiocal con¬ 
tractions of these muscles during the fixation of tlie abdominal nm^- 
clcs at the maximum rate of syllabic uttcuincc (1). 

At slow lates of utterance, 1 to 3 syllahles pci sccniul, the chest 
muscles share the syllabic movement xvith the ahdomuval muscles. 
The abdominal muscles contiact aiul lelav vvitli each syllable At 
rates higher tlinn this the nbdoimnal nuistlcs fixalc and piovulc n 
slow-moving postuial support foi the clicst muscles while tiu* latter 
make the syllabic movements alone (7). 

The Movmenl of the Z^nfue. Tire abdominal muscU-s, Imwcvm, 
have a very important function in the speech pioccss. Syllablo'i 
rarely occ-ur alone in noiiual speech, instead they aie in gioiips oi 
phrases. The grouping of bvUables into “bieatli gioiips,” oi plii.isis, 
IS the result of .i unitary movement of the huge muscles of expnatum. 
This U a slow, controlled movernent pcrfoimcd normally hy the 
abdominal muscles (6, 7). The chest and abdominal muscles me 
so coordinated in the noimal speech pattern that the smaller, liigli- 
speed movements of the syllable arc iupciimposcd upon the laigei, 
slower movement of the abdominal muscles as "lipplos” uikjii tlie 
larger "wave." An excellent analogy of this type of cooidmaticin 
IS found in the movements of piano playing. '^I'he laigei muscles 
of the arm and shouldm of the pianist suppoit the hand and carry 
it across the keyboard while the smaller muscles in the foicarm 
move the fingeis in high-speed movements foi the individual notes 
The Movement of Accent The unitary action of the abdominal 
muscles not onlv fuses the syllables into a phonetic unit, the pluase, 
but It also arranges the syllables into svibgroups, the ihythmic feet, 
Within the laiger pluase. The phrasing movement uses to a maxi¬ 
mum at the point of the pluase accent on a given syllabic; the sub¬ 
groups, however, have sccondaiy accent winch clc.uly show in the 
chest and abdominal tracings fioni noimal subjects. 
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Movement of the Consonmt. The relation of the consonant 
movement to the syllable pulse must be briefly considered. The 
consonant movement, like all other movements^ consists of a “beat'' 
stiokc (a movement ot a member to an opposing suiface) and a 
“back” stroke (the movement of the member «iway from the surface) 
This consonant movement lias two functions in the syllable ■ it may 
either iclease tlie syllable jntlsc oi aircsl it In leleasing tlie syl¬ 
lable) the beat stiokc of the consonant and the beat stroke of the 
chest pulse occui simultaneously Tlie vocal canal Is closed, oi 
constiicted, by the movement of the consonant so that the action 
of tile chest muscles compi esses the an in the chest and oial cavities, 
then the back stroke of the consonant iclcascs tbc an for the vowel, 
as in the syllable pn In aiicsting the syllable pulse the function 
IS the leveisc of the iclcasing function Tlie beat stroke of the 
consonant occurs on tlie back stiokc of the chest pulse. In a syllable 
like up tlie syllabic is staitcd bv the chest muscles, but the syllable 
pulse IS stopped, ariested, by the stiokc of the consonant. The 
clobuic of the lips (l)cat stiokc) closes the vocal canal, and the use 
of the ail picssuic in the phaiynv and chest brings the syllabic 
pulse to a dose The next syllabic docs not begin until after the 
back stiokc (opening of the lips) of the consonant The arresting 
and releasing consonants aic modifications of the one movement 
cycle. Tlie essential things aie a stiokc to an opposing suiface, a 
stroke away fiom that suiface, and accurate timing of these strokes 
with the moveineiii of the syll.iblc In the case of the iclcasing 
consonant the beat stroke may be dclivcicd to the opposing suiface 
while tlie incmliei n. alicady in contact with that suiface In the 
syllable pu the bps may be alicady ii\ uontaa before the syllable 
begins, 111 winch ease the beat stroke can be demonstiatcd as a “pies- 
sure" sliokc In this event the back stiokc which releases the air 
IS the only appaient movement In the ancsting function the beat 
stiokc of the consonant (closuic of the lips in up) may be the 
only appaient movement, the back stroke may simply appeal as a re¬ 
laxation of the negative muscles and the lips may icmain closed in- 
defimtcly [For full tic.itment of the functionb of consonants see 
Stetson (5, pp 42-65) ] 

The syllabic movement is not, howcvei, dependent upon the ac- 
ccssoiy movement of the consonant foi its icicasc oi aiicsl The 
chest muscles themselves aie sufTicicnt to lelcasc and aucst the 
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syllable pulse. In the scif-aricstc<I syllable the IlOK.lH^e mustle 
group (external intercostals) contracts and stops the ftrcike ol the 
positive muscle group (internal inteicostals). Indeed, □sullngi.ipliic 
records of action currents fiom both gioups of nunclcs taken simul¬ 
taneously show clearly the reciprocal contractions of these muscles 
whether or not the syllable contains consonants {I). 

Apparatus 

The pneumatic method of recording was used tlirouglimil the 
experiment A motor-driven, variable-speed kymogupli, carrying 
a record 26 by 6 inches, 'rvas used. 

In order to obtain kymogiaphic records of the speecll muscles in 
action, it is necessary to have the subject's body suppoitccl llimly at 
fixed points and to Iiave the recotdtng tainboiiis supiwitcd iiule- 
pendcntlv Girdle pneumographs are uns.itisIat.tory for this purpose 
because they encircle the trunk and the resultant ti.acing is a complex 
curve wliich lacludes movements of the various muscles within the 
encircled zone, Tracings fioin localized aieas on the body w.ill 
are less ambiguous if they are made with tanihoiiis c.uiicd by sup¬ 
ports not m contact with the subject. 

In this experiment a wooden frame was constructed in whicli llic 
subjects stood during the speech recording. I'lic back upiighl of 
the frame was equipped with two adjustable bearing points (wooden 
blocks, T and L, Figuie 2) which were adjusted to supiioit the 
subject at two points, the thoracic and lumbar spine. ‘When the 
subject was placed m position and the suppoits adjusted, the body 
was firmly supported so as to prevent any backwaid movement An¬ 
other upright in front of the subject, con'dsting of a j/ 2 -incl\ pipe 
fitted to the edge of a 4-mch board, held the iccoiding tambours 
independently of the subject. The tambours could be atljubtcd to any 
position so that any localized area on tire subject’s tiiink could be ex¬ 
plored and the movement of that area recorded. The two uprights 
weie supported at bottom and top by boards and fiimly braced so tliat 
no lost motion occurred which would have interfered with the lecord- 
ing of the speech movements. Tlie area between the upnglus was 6 
feet by 26 inches. Figure 2 is a photograph of the entire appaiatus 
with the subject in position, The entire appaiatus was designed to 
avoid hampering the subject unduly and at the same time to fixate the 
trunk at critical points. 
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FIGURE 2 

FllOlOUUAl’ll tn III! \)»PMlMUb WllU A IN PtlSinON 


riiv k\ini)Ki>i|’li »>ul Ihc s>|)lic>n Jspii.itoi aic shuwu on tlit. t.iblu to 
Uie Ivli I hi; siimtls in positnHi in lUc "fiamt.” 

T .Tiui L aiL’ .iiljiistjUlc A%oo(lcn blocks foi bcniiiip; points nt tlic tlioijicic 
and liiiiilini spine 

JO—the fate mask m position foi icmuliug .m cxpellcil fioni the 
iniiiilli (Iniinit (he phiasc 

aUS and —tliisllc-liibc tainboins with bosses in position on the 
liinei slciiium nitil incsogastiic aica foi iccoiding the mos't' 
inLiUs of the both wall at these two poinls 

67—iKgain e piessine npplicaloi in position m the cpigastiie aica foi 
iLiiiidiiig the svIlahU pulses 

'['lie u'enuliHii tanibouis which wcie applirtl In the hndv waU 
(anil iMiiiiif 2) well llnslle tulus nl llie iisii.il si/e, (he 

Dpi II ciuls 111 Mhith weic eovcied with ihin uihhet iLmi, li^luh' 
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btietchecl. Coik bosses, 3 uiis in knjilli .iinl 2 uiv iii .h.imrici, 
wcic gliial to the LCiUei of tlicst duiplii.iiiiH'- Wliiii llii s\il.|(il 
^vas in position the t.miboms weic .uljusinl in iln I'mU him sslinli 
was to be cxploied The bosses w(ie pn-ssnl .inaiiM llii- bmU s\.il! 
until the iiibbei diapIti.iKnis weic loiml min tin uip nt tlic lliisih 
tube about half the length of the Iidsm-s. '1 Ini-., .is ihr hiuK \i.ill 
moved in and out with the iioini.il spceili luosi iiu'iiis, ihe hnssrs 
weie moved m and out, (hspl.wmj; the voUumi td m\ wulun llu 
closed iccmdmK system. The piessute s.iuiun<s within ilie iiumlmit 
system vveic tiansmitted to the snioLed icund hy nuMiis ul pm u- 
inodciks dcbcnbed bj HudKi'‘s and Sictsmi (2) 

All impoitaiit fc<atuic of the imcumodeik is ilut ii is (’ipiippid 
with a delicate phosphoi-bion/c di.iphiaum winch is peiin.im'nt .iiid 
docs not have to be icplaccd like the luhhei diaphiattiu ui the M.ni’N 
taniboui The constancy of the ili.iphi.inin makes it pnssihh aicu* 
ratcly to compaic tiacmjts <>f picssinc chaiijics made liuin il.i\ ni 
dav over a long pcuod of liiiic. 

A negative picssiuc appauitiis was iiseil to mnnl ihi s\llahli 
stioke of tlie clicsc nnibUcs (7). An alumimiin apphc.nm {(^L, 
Figuic 2) made fioin a mcdium-si/cd fuiuie) ( I- in in dtaimiei) 
was shaped to fit the coiUoui of the hodv wall, 'riie edges weu* 
ftattened so that a fiange 1 cm in width was m loniaci wnh the 
body suiface The applicaloi tvas connected hv nusnis ol a thick- 
wallcd rubbei tube to a specially made pnemnmleik (2) A sctiiiul 
lubber tube was let into the system hv means of a “'I " tube and 
connected to a syphon aspiialoj whicli piovideil the lugative pies- 
sure A negative picssuic of 30 to 40 ems of wauu is sufluiuni 
to hold tile applicatoi fiimly attached to tlie hoiiv w.ill 'I’lie metal 
diaphragm supports the prcssuic on the lecoulmg end and li.mMnits 
the piessine changes to the smoked dium 
Tins appaiatus piovidcs a veiy delicate lecoiding system Any 
pulse tiansinitted tliiougb the tissues to ■which the applualoi is 
attached is tiansmittcd to the smoked taoiil, It is not the Inilging 
of the surface beneath the applicatoi which gives the v.iinilion in 
picssuie, instead, the flattened edge of the applicatoi, slighilj- em¬ 
bedded m the yielding tissues, is ihiown ouUvaid bv the pulse ami 
the p.iitial vacmiin w'lthm the applicatoi is mcieased. 'I'lic leund- 
ing diapbiagin is ibus diawn iinvaid, moving llu' icconling m'dlle 
Ill addition to Uaemgs of tlic bicalhing muscles, u.uings wiui 
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also made of some phase of the articulatory process. Air-piessure 
changes inside the mouth wcie iccoided by means of a small metal 
tube which was placed in the corner of the mouth, and which 
icaciiecl behind tlie point of the consonant closure. Tlie lumen of 
tlic tube was 1 ram. in dinmctci. A rubbei tube connected the 
metal tube to the lecoiding pneumodeik. The tracing of air- 
picssuie changes just outside the mouth {AO, Figure 2) was made 
by means of a rubber mask, cut to fit the contoui of the area around 
the mouth and connected to the lecording apparatus by means of a 
lubbei tube. This lubbei “mask" was ventilated, allowing the 
subject to bieathc and still record the piessuie changes in the air 
expelled in speech This is a familiar spcech-iecoiding device (4, 
5). Air pleasure from the nose was lecoided by means of nasal 
“olives" made familiar by Roussclot (4) and others. 

Time was recoided in 2-sec intervals on the lecords by means 
of a Jacquet chronoscope 


Methods 

Two recoids weie made upon each k}'mographic sheet. A record 
consists of thiee or four tiacings of the speech movements and a time 
lecord in 2 sec Two tiacings of the movements of localized areas 
on the body wall were taken from all subjects, a tiacing of the 
syllable stioke was obtained fiom all the male subjects used, and a 
tiacing of the alr-piessiUie changes, cithci fiom the inside oi fiom 
the outside of the mouth. 

Tile tiacings from the body walls weie made with the thistle- 
tube tainbouis and bosses One of these tambours was placed on the 
lowci siernuin to iccoid the movements of the rib-cagc at that point, 
the othci was placed m the mid-epigastiium to lecoid the movements 
of the abdominal wall at that point. When the negative piessure 
apparatus was used the abdominal record was obtained fiom a point 
lower down, cithei in the meso-gastiic oi naval region The boss 
tracings give an accuiate tracing of the long movement of expiiation 
duiing the phiasc The latio of the actual movement of the body 
wall to the movement of the tiacing stylus is 1/5 foi both tracings 

The tiacings of the syllable stroke of the chest muscles wcie 
lecoulcd by means of the ncgatvvc-picssmc apparatus descubed above 
Ti.icings of the syllables not only show the scpaiatc syllable stiokes 
but they also show the ihythmic grouping of the syllables witliin the 
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phrase. The syllable stroke can be recorded Irnni .inv point on tlic 
chest wall or from the abdomen. In this c\perinicnt the applii.itoi 
was placed in the cpigastilum foi convcmciite in Jiiimg the suifate. 
When the applicator is fitted to the chest w.ill f.icli indivuhml sub¬ 
ject requires a separate fitting due to the curved contoui of liic nh 
surfaces. In using a large niimbci of subjects ilie problem is sim¬ 
plified if the same applicatoi can he used foi diflcimit subjicls. 'I’hc 
syllable pulse can be easily rccoided fioni the epigastric aiea (7) 

The tracings of the air prcssuics fiom the inside of ilu’ mouth 
show the rise of air picssure in the iiiouih as the luliculatmv oig.m 
makes the consonant closmc. They ptovidc a good lefeiencc point 
for studying the other tiacings, and show how individuals handle 
mouth pressures foi voiced and unvoiced consonants 

Tracings of the an prcssuic outside the mouth svere made smuil- 
tancQusly with most of the records. These traemgs show a .sti.light 
line for the consonant closuics and a lapid nsc for the vowels, 
They provide excellent matciial for studying tlic articulation of the 
various subjects; they also provide rcfcicncc points for the study of 
the other tiacings. 

The following test matcnals were used: («) A nine*sylliiblc 
phrase: "Bill paid Paul the puce of the pony." {0) A seven-syl¬ 
lable phrase "Bobby, don't boo at baby.” (t) Plu.ises of four and 
five syllables containing the same syllabic repeated with a fi\cd 
accent on one syllabic such as. pup pup pup' pup (i)ir accent was 
placed on different syllables during the tests) (d) Single sylla¬ 
bles spoken at normal rates using both the voiced and unvoiced 
sounds of the same consonant, alternated, such as: pu/>, huh, tut, 
diid, fufj vuv; etc. 

The test materials were printed on cauls and placed so that the 
subject could read them as he spoke. Kadi subject w.is allowed 
to practice until he became familial with the phiascs befoic any 
actual recoiding began. 

The deaf subjects were all pupils of the Clarke School foi the 
Deaf at Northampton, Massachusetts. All of the pupils in the gi.un- 
mar department and the three upper grades in tlic intciincduilc 
department were used. Sixty-two subjects wcic used iii all, U) 
girls and 32 boys The ages langcd fiom 11 to 20 yciiis at the 
time the records were taken 

The deaf subjects were divided into three gioups (A, 11, and C) 
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accordiiif? to their degiee of deafness as determined by tlic 2A Au- 
diometei. Gioiip A consists of 10 haicl-of-hcarmg pupils, two boys 
iind eight gills, ranging m age from 11 to 19 years The indi¬ 
viduals in thill group have a hearing-loss of not more than 45 deci¬ 
bels Eight of them are classified as “born deaf" Group B is 
composed'of a gioiip of 12 pupils, six boys and six gills, ranging in 
age fiom 13 to 20 yeais Eleven of this gioup aie classified as 
“bom deaf’’ Tliey have a hcaiiiig-loss of not more than 70 deci¬ 
bels. Gioiip C is the largest gioup. It consists of 24 boys and 15 
gills langing m age fioin 13 to 19 ycais. Ninety pei cent of them 
weic either boin deaf or became deaf before the age of two yeais 
TJiey all have a hcaimg-loss of 70 decibels or over Thiec subjects 
of this group became deaf at the ages of 8 to 10 yeais, their records 
aie included witli the othcis of Gioup C 

All of these subjects have been in schools for the deaf as much 
ns two years and most of them have been in such institutions since 
five 01 SIX yeais of age. They liavc been taught speech »ind hp- 
icading along with then othci studies and are not allowed to use 
any otlicr form of communication. 

The subjects were not hampeicd by the apparatus; after a biief 
training peiiod the deaf subjects learned to speak '‘naturally” with 
all tlic pans adjusted. Each subject icturncd foi at least two 
expciimcntal periods of half an houi each, not less than 15 phrase 
records weie obtained fioin each individual. Tlie subjects were 
biouglit into tile expciimcntal room and shown the nppaiatus one 
at a time. Each was told meicly that the puiposc of the experiment 
was to “find out how you talk,” 

The noimal gioup consisted of 25 childicn and adults, ages rang¬ 
ing from 10 to 28 yeais; 12 males and 13 females The group 
consisted of boys and gnls from the Smith College Day School, the 
Noimal Teachers Tiaming Class of Choke School, and several 
adult fnends of the writer All of them knew the pvnposc of the 
expeiimcnt, 

The Tccoids weie mensmed for length of the phrases (time) and 
tlie amplitude of tlie phrasing movements of both the chest and the 
abdominal tiacmgs. The amplitude of these tiacings, i.c., the pei*- 
pcmlicul.ir distance between the point on the tracing when the 
pluase begins when the lungs aie inflated, to the lowest point leaclied 
m tlic cxpii.itoiy movement foi that pluasc, is taken, as a relative 
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measure of the amount of breath expelled duniiR the phiasc. Tlic 
amplitude was measured in millimeters. Since two phia'«in|^ tracintr^ 
were made simultaneously the mean amplitude of these two ti.icinRS 
was taken as the measure. The sum of these two mc.isuus iniRht 
well have been used since they rcpicscnt deflation of the Iuiirs by 
two distinct sets of muscles, ie, the abdominal diapliiaRin.itic oppo¬ 
sition, and the intcrcostals. Hut the mean is etiu.illy icli.ildc .is .i 
measure since eithci measure must icpicscnt the icl.ilivc .iiul not ihe 
absolute quantity of bieath used Two thousand phi.iscs ucie inc.is- 
ured The phrase measurements, time and ainplitiulc, iveic licaled 
separately for each phiasc length and /oi cacli sepanitc gjoiip of 


subjects 

In addition to the time and amplitude mc.isurcments it be¬ 
came desirable to obtain a measure of the latc of an flow pci second 
per syllable. In order to obtain such a mcasuic botli the liinc .ind 
the amplitude must be included and also the nuinhcr of syll.iblcs 
in the individual pliiase. The following mctliod was used I'lie 
amplitude of the individual phrases was divided by the time /oi th.it 
phrase. The quotient was then divided by the mimhci of syllablc& 


The formula may be represented thus: 



/I is the ampli 


N 


tude, T is time, and N is the numbci of syllables in tlic phr.isc. The 
simplified formula appears as A/TN. This indic.-ites the rate of air 
flow (movement of body walls) per second dmmg the sylhible. It 
will be called, for convenience, the “cxpiratoiy index,” or El, 
The figures shown in the experimental section arc phoiographs of 
the kymograms made by using the “black sheets” thciiibclvcb .is nega¬ 
tives The background has been cleared by ictouching in some c.iscs 
but in no case have the tracings themselves been letouchcd. 


Results 

Records from individuals of the several groups of subjects will be 
presented first and discussed in oidcr to show the various types of 
coordinations found. These will be followed by a statistical sum¬ 
mary of the quantitative data obtained fiom the large group of 
records studied 

The Phrasing Movement. The phiasing movcincnts of the nor¬ 
mal group show a rather uniiomi type of coordiiirition for .'il! llic 
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plnases used Theic is a quick intake of bieath which is followed 
by rt giadiial iiuvaid movement of the chest and abdominal walls. 
The time required foi the icpctition of each phiase and the ampli¬ 
tude of the phi.ising movement shows a small range of distribution 
for the entire noimal gioiip. (See Figures 18 and 19.) Thciecords 
fioni the tliice gioiips of deaf subjects, on the other hand, show a 
gicat deal of v.ii lability both m the time required foi the pluascs 
.inii tlic amjilitiule of the phinsing movements. Theie are two 
general types of phrasing coordination found among the deaf sub¬ 
jects’ Fust, the entile plu«isc assigned may be spoken on a single 
hicath, in wJiich case the tiacings fiom the abdominal and chest walls 
have a veiy huge amplitude indicating cvtiemely large expenditure 
of brcatli foi that phiase. Secondly, the pjirase may be broken up 
into smaller jihrasing movements, which means that the subject was 
unable to repeat the entire phrase on a single breath This is espe¬ 
cially tiuc foi the nine- and the seven-syllable phrases Sample 
iccQids fiom normal and deaf subjects will clearly illustrate these 
types of phiasing movement 





FIGURE 3 


ICymogriIm or nip Ninp-Syiiaiile Phrase Spoken by a Normai 
S unjrcr, Tbn-Year-Old Girl 


/lO —tracinR of rhe an piessme jmt outside the moutlr Tire straight- 
line poitions of the tinciiig indicate the coiisonnncs, the rise between 
consonants indicates the vowel Inspiialion is indicated by the 
“{lip” in the tracing between phrases 
CHS —tracing of the movement of the chest wall taken fiom the lowei 
iteinum The movement is smooth and rcgiiliir foi the fiiat 
phiase with a slight inegiilniity in the second 
liE —ti,icing of the movement of the abdominal wall taken at the epi- 
gnstiic level The long slow movemunt of the phrase is clear 
The scLOiid phiase shows a slight iiicgulaiity in the l.sttei part 
Time IS iccoulcd in 2 see 
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RIGURE 4 


Kymogram or the NiNe-SviiAoiB Phraie v iiy a Dpai Hov 
(Group B), Ace 16 Yi’ahs 

^0_tracing of the air pressure just ftul8i<lc «lic luoutli 1 xtr.i s\llalilcs_ 
are added at two points in tins phrase “pni da Piuii'' aiul “o va 
the pony’* 

CfiiT—tracing of ilic movement of the chest wall inken at the lower 
sternum The movement is somewhat larger ilnn the lujrinal 
phiasing movement 

i}/V_traclng of the movement of the nhdomnml wall taken .il the epi¬ 
gastric level 

Time IS lecordcd in 2 see. 

Figure 3 18 a record of the nine-syllable phiasc spoken by a nmni.il 
hearing girl, age 10 years. The time ictiuncd for cacli tif the 
phrases is 2.2 sees. The avciaqc lime foi the ciilirr luinu.il group 
for this phrase was 2.4 secs. Thcic is a slight irrcgiilaiity in the 
tracings from the body wall in the second phiase, hut tiic inovcnuMits 
on the whole aie uniform. The amount of descent of tlir tiacings 
CBS and BE IS an indication of the iclativc .munint of Inenth ex¬ 
pelled for the phrase. Figuic 4 is a record of the same plirasc spoken 
by a partially deaf boy, age 16 years, Gioup R. In contrast to 
Figure 3, the time required for this plirasc is 3 2 sees., .iiul the 
irregularity of the tracings CBS and DM is noticc.ihlc. The ampli¬ 
tude of the expiiatory movements for the phrase is larger than that 
of the normal subject in Figure 3. Instead of nine syllables the 
subject actually speaks a pliiasc of eleven svllablcs since he adds two 
extra syllables to each phrase. The phrase as spoken by tliis subject 
becomes* “Bill pai da Paul the price o va the pony." 'I'iic /lO tiac- 
ing shows the prolonged vowels and the heavy aspii.ilion of liicalh 
at the release of each consonant. 
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KYMOCRAM OF TltE NINB-SYI LADLE pHRASP SPOKEN DY A VCRY DEAF 

Male (Groxjp C), Aop 15 Years 

trncinfi of the nir pleasure just outside the mouth The subject 
IS iisinj; only releasing consonants as is indicated by the nddition of 
extra syllables between abutting consonants The sharp rise at 
the release of cacli consonant indicates the high aspiiation of 
breath 

CBS —tracing of the movement of the chest wall taken at the lower 
ateinum The movement for the entiic pliiase is extremely large 
and iiicRulni, Iickmg the smoothness of the noimal subject (Fig- 
\uc S) 

BM —tracing of the movement of the abdominal wall taken at the meso- 
gastiie level The movement is slow anil irregular, indicating 
iiniliic tension in the tectiis muscle The laige amplitude of these 
two phinsing movements indicates the excess amount of bieath used 
foi the phrase. 

Time is recorded m 2 sec 



FIGURE 6 


AQ T-104 


Kymogram or tup Niwr-SYiiAnit Phrase Spoken hy' a Very Deaf 
Maie (Group C), Ace 19 Years 

/to —tracing of the air pleasure just outside the mouth Extra ayllables 
me added at two points m the phrase as indicated by the vowel 
in pnicnthcsies below the tiacing 

C/Ji '—iiacing of the movement of the chest wail at the lower steiniim 
The long descent and the amphtmle of the movemeut indicate 
the nbnoimal cimoiint of bieath used for the pliinse 
Bli —tiaciiig of the movement of the abdominal wall at the epigastric 
level 'J'lic rate of descent of this tiacing is gicntcr than that 
of the chest tracing 
Time IS iccorded in 2 sec 
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The veiy deaf subjects (Group C) still f\irthci ovaKRcrate tlic 
movements of expiration m tlic execution of the p/nase, .ts is indi¬ 
cated by the tracings in Figures 5 and 6 Each of these subjects 
requhe 4 secs for the pluase Each of the tracings (UiS and UR 
(or BM) show that the muscles .iic under heavy tension. Thcie 
are small ‘'tremor" movements tluoughout the tiacings, Tlie am¬ 
plitude of the movements is cxticmcly laigc foi tins phiase, winch 
indicates that a great deal moic bicath is being used by these suh- 
jects than was used by the noiinal subject In each of tlicsc rccoids 
extra syllables aie added to the phiasc at points between abutting 
consonants, and the piiiasc is spoken* "Bill pai da P.iu la the price o 



Kymocram of the Nine-Syllabie Piirasp Spoken by a Dim Hoy 
(Group C), Acp 13 Ypars 

AO —tracing ot the air pressure just outside the nioutli The siiliject 
breaks the long phrase into three distinct short phrases, Tlic iiilakc 
of breath for each phrase is indiented by the "dips" below the 
base line between phrases, 

CBS —tracing of the mavement of the chest wall at the lowci sternum 
Three short phrasing movements are indicated ih lliis tracing 
The sudden rise corresponding to the intake of air is followed 
by the more gradual movement of expiration, 

BE —tracings of the mavement of the abdominnl wall at the epigastric 
level The three phrasing movemints are clearly indicated 

Time is recorded in 2 sec 

Figures 4, 5, and 6 were all spoken on a single breathing (pliras- 
ing) movement. Figure 7 shows a type of speech charnctetizcd by 
a lack of pliiasing, winch is rathci common among tlic veiy deaf 
subjects In Figure 7 the same phiasc (nine syllables) is biokcn 
up into three smaller phiases. The cntiic phiasc reiiuiics ■) secs. 
The drop below the base line in tracing AO iiulic.itcs the points at 
which the subiect replenished his bicalh supply. Coiiespoiuling 
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FIGURE 8 

KYMOC.RAM 01 THE SfYCN-SyI I ADI E PHRASE SPOKEN BV A HauD-OF-IIbARIHG 
Gmr- (Group A), Age 14 Years 


AO —tracing of the air pressure just outside die mouth No extra syl¬ 
lables occur, the tracing is aimilar to that of the normal subject 
(FiRiiie 3) 

CBS —tracing of the movement of the chest wall at the lowei sternum. 
Note the smooth descent of the movement The amplitude is 
small, indicating that the phiase is spoken with a minimum bicath 
expenddme 

BV .—tiacing of the movement of the abdominal wall at the epigastiic 
level BE and CBS have the same small amplitude 

Time IS iccoidcd in 2 sec 

points on the tiaclngs CBS and BE alt.o indicate the end and the 
beginning of a new bteathing movement. Extra syllables aie added 
to the phiase at jioints indicated below the tiacing AO. 

A somewhat moic normal type of speech is repiesentcd by Figure 
8, a rccoid of the sevcn-sylLible phia&c spoken by a hard-of-heaiing 
girl, 14 ycais of age, Gioup A. The tracings CBS and BE show 
the smooth easy cooidination which cliaracteiizes noimal speech No 
cxtia syllables occui between the abutting consonants The phrase 
IS spoken "Bobby, doii’/ioo afiaby.” The time requited for the 
phrase is 2.0 secs. 

Fiom the above lecoids it is cleai that the deaf child shows a type 
of bie.itlmig movement in the execution of a given phrase which 
results in a veiy extensive loss of bieath. The immediate results 
of this type of speed) aic that it becomes laboied, aihythmic, and 
"bicatliv" Tlic vowels arc piolonged and in consequence muti¬ 
lated. Tile addition of extra syllables to the given phrase adds to the 
difficulty of compiehending the meaning of the phiase. 

It is iiossiblc to account for some of the excess loss of bieacli in 
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three ways: (rt) The prolongation of the vowel icqiiircs more bicath 
than IS used when the vowel is spoken normally and llic speecli is 
more difficult to understand because the vowel is mutilated by pro¬ 
longation (i) The adding of extra syllables .U points sv'hcic ton- 
sonants abut between syllables adds to the bic.ith expenditure and 
introduces extra elements to the rhythmic grouping of syllables witliin 
the phrase, (t) The high chest prcssuie with which the deaf spc.ik 
leads to an excess expenditure of hieatli .it the release of each 
consonant. This is indicated by an nhnounally liigh ampliation of 
air before the vowel begins. (See AO tiacings. Figures 4, 5, 6, and 
7.) This high air piessure m the chest not only adds to the loss of 
breath but it makes the speech breathy. 

These abnormalities of phrasing aic directly conclatcd with the 
degree of hearing loss. The length of time reijuircd for a given 
phrase, the amount of breath expelled during the phiasc, .incl the 
other defects mentioned all increase in seventy with an increase in 
hearing-loss. (Sec Figures 18 and 19 and SlaHsttcnl Suinnuny of 
Phrase Daia^ pp. 34-43.) 

Rhythmic GiQHp'm/j of Syllables w the Phiasc The giouping 
of syllables in the pluase and the amount of stiess upon individual 
syllables determine the speech ihythm The rate of ulioiancc is also 
a large factor in rliytlim; syllables spoken at a slow rate lose n.11 
semblance of rhythm and such speech becomes monotonous. The 
grouping of syllables into ibythmic feet is lather clciii cut m hpoken 
English; unusual foents of grouping, misplaced accents, and slow, 
labored utterance constitute imperfect speech which is veiy difficult 
to understand The deaf subjects studied in this papci me inclined 
to do all three of these things. Those who have even a small .imount 
of residual hearing are able to .attain a ihytbmic flow wliicli is more 
like that of normal speech than that of the cxticmcly dc.if giouj>. 
Those subj'ects who lost their hearing aftci they liad le.iincd to 
talk, even though the loss is practically complete, retain their normal 
speech rhythm and speak with a fluency vvhich is ncvci found among 
the congenitally deaf. This is good evidence foi the fact that 
rhythm is not a question of sounds but rather one of movcinciu, the 
control of which may ccxitinuc when the pciccption of llic sounds 
produced by those movements no longci occurs. A study of tlie 
kymographic recoids will show something of the ihythmic giouping 
among the individuals of the several gigups studied. Tlie ti.icing 
of the syllable pulse as recorded by the negative prcssuic applicator 
{CP) gives an excellent record of the syllable grouping. 
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FIGURE 9 

Kymooram or tup Sevbn-Syllabte Phrase Spoken nv a Normal 
Hearing Boy, Age 13 Years 

The record shows the normal rhythmic giouping of syllables 
in the phrase 

y/0—tiacinR of the air picssuic jiibt outside the mouth. Note the straight 
line for the abutting consonants -nlA- and -iA- 

CBS —tracing of the movement of the chest wall taken at the lower 
sccrninn. The form is regular 

BA/—tracing of the movement of the abdominal wall at the mcsogastiic 
level The tincing shows the word accents 

Cli —tracing of the individual syllable pulses in the phrase taken at 
the epigastric level The grouping of the 9yll.ibles into rhythmic 
feet IS clearly indicated. The symbols below the tracing indicate 
the rhytlirn 

Time 19 recorded in .2 sec 



FIGURE 10 

KYMOCRAM 01 THF SEVEN-SyILAQI E PHRASE TAKEN PROM A ProeOUNQEY 

Deap I3o\, Age 14, Who Losr His Hearing at the Age or 10 Ypars 
/lO —tracing of the air picssure just outside the mouth This tiacing 
foi the fust phrase is not clear because the subject did not hold 
the "mask” tightly on the face 

CBS —tiacing of the movement of the chest wall taken at the lower 
steinmii The movements were irregular but of low amplitude. 
BAf—tiacing of tlie movement of the abdoininai wall taken at the meso- 
gnstric level The syllables aie indicated in this tiacing, 

CC —tiacing (if the syllable pulses taken at the epigastric level The 
grouping of the syllables is cleai, the rliythm is normal 
Time IS iccoiiluil in 2 sec 
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Figuie 9 is a kymogiapliic record of the seven-syllahle phrase: 
"Bobby, don’t boo at baby.” The pliiasc was spoken by a boy of 

13 years with normal heaiing. The pbiaslng movements, CHS and 
BMj arc normal; tlierc is some jnclicntion of tiic syllable strokes in 
BM. The pluascs wcic spoken at noinial si)ecil (ca. 2.2 sets, per 
phrase). The grouping of the syllables is shown in the tracing CE 
The uniformity of the syllable gioupmg in tins tracing foi the two 
phrases reemded here js appaicnt 'i'lie rh)’t))i)i of the plirasc is 

with the heavier accent on the initial syllable as indicated 
by the extent of the syllable stioke. 

Figure 10 IS a kyorngiam of the same phrase spoken by a deaf boy 

14 years of age, who lost hearing at the age of 10 The tiacings 
of the phrasing movements aic shghilv iriegular and the time is 
somewhat slowei than that of the two normal subjects (2.4 secs ), 
but the rhythmic grouping of the syllables {CE) is identical with 
that of the normal subject in Figure 9 Figure 11 is anothci 
record of the seven-byilablc phiasc taken from a male subject, age 16 



FiGUitU n 

KYMQCRAM 01 THE SeVEN-SYLlAniE Phrase Spokpn uv a Partiaiiy Dcaf 
Boy (Group B), Age 16 Years, Who Becamp Dfap at tup 
Ace of Three and ONE-IlAir Years 

—Iracing of the air pressure t.iken just outside the mouth The siib- 
ject adds an extra syllable m the first plirase "n ta bnhy" 
ofj*? tracing of the movement of the chest wall taken at the lower 
sternum The tracing is normal 

BiW—tracing of the movement of the abdominal wall taken at the meso- 
gastric level. The syllabic pulses arc dimly indicated in the 
tracing 

tracing of the syllable pulses taken at the cpignatric level. The 
grouping of the syllables is clearly shown jn this trncing The 
rhythm is normal with the exception of the exlin syllable in the 
nrst phrase, llic final syllable in each phrase is weak 
lime 18 recorded m ,2 sec. 


SPEECH COORDINATIONS OF DEAF AND NORMAL 


25 


years, wlio became partially deaf (Group B) at the age of 3 ^ 
years. The ti.iciiigj. of the phiasing movements arc normal, 
reflects tlie syllable stiolces C£ shows the grouping of the syllables; 
in the first pltiase the subject added an extra syllable which modified 
the ihytlim, but in the second the rhythm is noimal. The time re- 
quiicd fni the phiasc is also noinial, 2.0 secs. 

Figure 12 shows a phrase in which the sj'Uable grouping is noi- 
inal| but the phiase accent is nbnoimally heavy, Tlie phiase was 
spoken by a 16-year-old boy, Gioup B, classified as “congenitally 
deaf." Thcie is an extra syllabic added to the second phrase m the 
figuie. This phiase was spoken - The fourth 

syllabic in each phrase has an extra heavy accent which is indicated 




KvMOGRMa ov fHP SrvEN-SvLLAnLE Phrase Spoken nv \ Deaf Bov 
(Group B), Aoc 16, Showing the Grouping or the 
Syi.laiii.es in the Phrase 

/lO —tiacing of the air pressure just outside the mouth The tracing 
Is nearly like those from normal subjects, In phiaie 4 the subject 
added an c^tm syllable between the words "at (n) baby” 

CHS —tracing of the moYcinent of the chest wall taken at the lower 
stciniim There is only a slight movement for the entire phrase 
The heavy phiase accent is shown in this tracing 

BN —tracing of the movement of the abdominal wall taken at the navel 
level. The movement is of small amplitude with the heavy phrase 
accent showing, 

CL '—tracing of the sylhihle pulses taken at the cpigastuc level, Tlie 
rhythmic grouping in tlie pluasc is that of noimal speech with the 
exception of the abnoimally heavy accent on the fourth syllable 
in cncli phrase. 

7'iinc IS recoidcd hi 2 sec 
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by the amplitude of the syllable stroke 
speech. 

In contrast to Figures 9 and 10, 


The tunc IS tli.it of normal 


which arc the normal phrase 



KVMOCRAM or THE SEVUN-SvI.1 ABl P PllRASP Sl'ORFM nV A Dl^AP IlOY ((>K01Jl> 
C), Ace 13, SiiowNO the Rmytiimic Groui*in(. oi ini’ bviiAiui’s 

tracing af the air pressure just oiUskIc the inoiitli Niilc- the lienvy 
aspirauon of breath for the ^o\vcls Kxlra syllahIcH arc adtletl at 
one point in each phrose. 

CBiS—tracing of the movement of the chest wall taken at ihc lower 
aterniiin level. The movcmeius oic nmooth and rcjdil.ir 
BA/—tracing of the movement of the abdominal wall taken .it the intso* 
gastric level. The syllabic piiUcx arc reflerted in (Inn tracing 
CF—tracing of the syllable pulses i.)kcn at the epigaslnc level I .tell 
syllable receives practically the some stress, ilic sjicecli is voy 
monotonous, 

Time is recorded in .2 see. 


rhythms, Figures 13 and 14 represent the type of hpeccli iliythms 
found m the extremely dc.af gioup, FiKUie 13 is n kymogiam of 
the seven-syllable phrase spoken by a congcnit.illy deaf bov of 13 
years (Group C) The heavy aspiration of bic.uh after e.ich 
consonant is indicated ui tracings AO Extia syllables .no added .it 
one point in each phrase. The syllabic grouping is ,is follows, 
■ “ - - The time foi each of the two phi.iscs is above 

the normal tune for this phrase, 2.8 secs. Figuic 14 is ii iccoid 
of the same phrase spoken by a male subject, Gioup C, age 19 
years The syllabic grouping is difletcnt from any of the rccoids 
presented above. Two extra syllables ate added to each pliiase at 
points where two consonants abut (See tiacings AO .mil CE ) 
The rhythm of the phrase as indicated by the (JE tiacing is. - 
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FIGURE 14 

Kymooram or tup Si ppn-Syu able Phrase Spoken by a Beat Male 
(GR oui' C], Am' 19, Showing the Grouping of the Syiladlbs 
IN THC Phrase 


AO —unciog of tVe a»t prcsAwre junt oulsidc the moxith The B\ib}cct 
ndch two cxtia tyllnbles to each phrase ot points indicated below 
the irnciiig. The heiithc of the lapid rises in the tracing indicates 
ilic high presstne which the subject is using 
dliS’—tr'iciiiR of the movement of the chest wall at the lower steinum 
The ani|)litu(ic of ihe movement is high, indicating, fuithci, the 
excess ainouiit of liieatli used foi the phiascs 
/?A^—-tcacutg of the movemeut of the abdominal wall taken at the navel 
level The movement is small in coinpaitson to the chest nt this 
point 

tracing of the syllable pulses taken at the epigastric level The 
iikIivuIimI syllables are clenilv shown including the two extin 
syllables whicli the subject ndds The rhythm of the phiasc is 
iiulicatcd by the symbols below the tracing The last syllable m 
the phiasc receives the greatest stress 
lime H rccoiilcd in ,2 see 


—' . . . The jicavicst accent occuis on the final syllable 
in each pliiasc. The time foi each phiasc is about 3 secs 

Rliytliin IS often looked upon as a matter of sound but rhythm 
IS suielv not confined to sound. Sounds can .uouse rhythms and 
can be grouped rhythmically, but ihythin lias a far widei field than 
souiul alone, Rhythm essentially consists of the grouping of move¬ 
ments about a main movement, which is said to be the accent Tliere 
IS nothing, tlicicfoie, about speech ihytluns that the deaf cannot 
Icain, Pitch and the voiced elements of speech are difficult for the 
deaf bccau'.e tliey aie dependent foi the most part upon the peicep- 
tion of sounds, but accent and the giouping of syllables, winch are 
not dcpcmlcnt upon sounds can be achieved by the deaf It is neces¬ 
sary, therefore, that the deaf child be taught fiom the very be- 
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ginning the normal rhythms of speech aiul the grouping of syllables 
into phrases with accents. The lack of fluency in the speecli of the 
deaf subjects studied in this papci foilmU any semblance of normal 
rhythms as they occur In speech. But tlic fact remains that syllables 
are giouped about an accent. The gioupiiig is an inuisual one and 
in some eases not unlike that often heard among foicigneis learning 
English, they may have the concct sounds foi the words but lack 
English rhythm. Such speech is diflicult to uiulci stand. 

The Movement of the Consonant in the Speech of the Deaf. Tlic 
impoitancc of the piopcr function of the consonant movement and 
the consequences of the falluic to rccogni/e the ancstmg and lelcMsing 
function of consonants m speech stand out rathci clcaily in the speech 
of the deaf. Tlic failure to distinguish hclwcen tile leleasing and 
the arresting consonant is one of the major defects in the sjicccli 
of the deaf subjects studied m this paper. Among the results of 
such a defect arc extra syllables, cithei vocali/cd oi whispcicd, .added 
to the phrase, waste of breath as a lesult of tlic extra syllable 
between two abutting consonants; an incieasc In the time rcciiiiicd 
for the repetition of a given pliiasc; bicaking-up of the noimal 
rhythm of the phiasc with its effect upon the intelligibility of their 
speech. 




.. ... - 

AO 2 


So by d 6^^ flobvdo /itf^oo aH^by ' ^ T- iaS 


FIGURE 15 

Composite Kymocram of Air-Pressure Tracings Just ouiside hip Mount 
DURING THE SEVEN-SyI I ABI E PllRASB 


The upper tracing {AO-J) was taken fioin a very deaf subject (Group C) 
and the lower tracing was taken from a norma] adult speaking 
the same phrase 

‘^O-l —the tracing from the deaf subject shows the heavy aspiration of 
breath following the^ release of conson.ints niul extra aylinbica 
added at points indicated below the tracing The subject waa 
using only releasing consononia 

AO-2 the tracing from the normal subject shows tliat the pliiasc was 
spoken with less .ispiiotion of breath for the vowch. Sti night 
lines in the tracing indicate that the abutting consonants were 
properly handled; no extra syllablea were ndded at tliesc points 

Time IS recorded in .2 sec. 
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Fifjiiie IS contains two tracings of the air just outside the mouth 
foi tlic same pln.ise (the seven-syllable pliiase used throughout the 
study). Tlir iippci recoid was obtained from a deaf subject (Gioiip 
C), ^vitli a simultaneous time recoid in ,2-sec. intervals. Immcdi- 
.itely bcncatli it is the record of tlie same plirase, with the time 
iccordi spoken by a noimal subject It will be observed that an 
c\li.i syll.iblc apjie.us between the third and fourth and between the 
fifth and sixth syll.ihles in the iippci iccoid In the iioimal lecoid, 
just below It, there aic no extia syllables; the tiacing at those points 
heconics a straight line during the closures of tlie consonants -fi/lf-, 
and -/i- The lips close in picparation foi the back stroke of the 
releasing in both cases while the tongue is still in position foi the 
arresting -/j consequently no Incath is allowed to escape between 
them. It IS of inteicst to note the difference in length of the two 
consonant gioiips in tlie iippci and lowei records. In the upper 
iccord -nib-, with the vowel between them, required 4 sec, while 
tlic same sounds in the lower iccoid required about 2 sec. Aside 
fioin tlic loss of time in the uppei iccoid at these two points, the 
dc.if subject is ic.iilv adding two extra syllables to the phrase 
Fieqiiently these extra syllables arc vocalized. The subject has not 
learned the iclcasiiig-airesting functions of consonants, Every con- 
sciiaiil in the jiliiase is a iclcnsing consonant as he utters it. 

In oidci to have noimal speech it is essential that the releasing- 
aiiesting function of the consonant be mastGied. The boundaries 
of syll.ihles in spoken English often fall between the arresting con¬ 
sonant of one syllable and the lelcnsing consonant of the next. 
When both of these consonants arc given as leleasing consonants an 
exli.i syllabic occuis between them When two syllables are joined 
by linking consonants which aie identical tliey aie said to be double 
cnnsonmls, as in “boolcase,” “tliai /able,” ;iionev,” etc. When 
the two conson.snts which join two syllables aie difleient they are 
said to be an abutting pair, as in "blac/tAoard,'’ 

"gooi'Z ?/ioining,” etc Ficquently consonants appeal in pans or 
even in tluec’s which arc neither doubles nor abutting consonants, the 
cntiic group functions as a single consonant cithei in the releasing 
01 in the aiicsting positron Such sounds are said to be compound 
consonants, as in "Wack,” “j/a/w/),” “a^t,” etc Compound 

consonants function as a single consonant movement, the time le- 
quiicd foi tlicm is well within the range of tliat requned foi single 
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consonants. [See Rousselot (4. vol 11, pp. 9 >9-968) and Stetson 
(7, pp 119-134).] Double consonants and ahuttmi; pairs require 
more time (nearly double the time for single ennsoiiants) and con¬ 
sist of two distinct movement cycle, although liic back stiokc of tlic 
arresting member appears as, a relaxation of the imisclcs; .md the 
beat stroke of the lelcasing member of the ]Mn is made while the 
articulatory member is in contact with the opposint; '.urf.ice (5, \)\) 
65-119). 

Frequently the meaning of an entire phrase depends upon the 
proper handling of the consonants In the phiases an aim, and a 
name, the sounds used aie identical. The meaning depends upon 
the consonant «’s functioning in the anesting position in the first 
phrase and m tlie releasing position in the second. Foi instance, such 
phrases as tins stai, this lai, the stai; this itain .ind the stiatii, a 
pill and up lull; a tease and at ease, all depend for their mc.ining 
upon the proper liandling of the consonant movcnicnts. 

Foiced and Unvoiced Consonants in Ike Speech of the Deaf. 'Die 
most obvious distinction between the stops p and b, t and <1, k and t;, 
as these consonants arc hcaid in noimal speech, is the silence during 
the closure of p, t, and k, as contiastcd with the voicing during 
the closure of b, d, and g The question is* Ilow is it possible for 
air to flow through the glottis to pioducc this voicing while the 
vocal canal is closed by the aiticulation. In the ease of tlie unvoued 
stops, p, t, k, the articulation stops the vocal canal, the picssuic in 
the mouth rises immediately to the level of the piessuic below the 
glottis, and no sound is produced Hut in tiic case of the voiced 
stops, b, dj g, it is obvious that the picssurc m the mouth uses so 
slowly that a small amount of an flows thiough the glottis to pioduce 
voice during the consonant There is some compciibaling inovemcni 
which cnlaiges the oral cavity duiing the closure of the voiced stop. 
The precise nature of this compensating movement is in dispute 

In the case of the voiced and unvoiced continuants, s, z, etc, the 
orifice of the articulation is controlled so that the jiressuic in the 
mouth is always less than the piessuic below the glottis for the voiced 
continuant, and so that the picssuic in the moutli is always cipial 
to tliat below the glottis for the unvoiced contiminiit. 

^ The vocal cords themselves cannot be the regulating agency foi this 
distinction between voiced and unvoiced consonants because it is 
quite possible for laiyngectomlzcd subjects speaking with an aitificial 
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laiynx, in which the air piessurcs alone can he controlled, to produce 
all the voiced and unvoiced consonants. 



pup but) pup 6u 6 B T‘40Qq 


FIGURE 16 

RBcoRna of Air I’RrssuRB insiob thp Mouth duiuno the Articulation 
or Voiced and Unvoicfd Consonants 

Tlie tracings were made by means of the smalt metal tube inserted in 
the corner of the mouth which iccords the air pressure dunng the closure 
of the consonants 

//,7-_tracing of the “inside ali pressure” of a deaf giil (Group C), 
age 17 ycats, while speaking the syllables pup and bub nlteinat- 
ingly. There is vciy little diRciencc between the voiced and the 
unvoiced forms. The picssiire rises higher for the “voiced” b 
tlian for the unvoiced / Compare these tracings with 4-2 below it. 

/1.2 —tracing of the "inside air pressnic” taken from a normal male adult 
while speaking the same syllables smuiltaiiconsly with the subject 
in /1-J, Note the difference in the shape of the tracings, also the 
height. As the bps close for the f the pleasure rises rapidly to 
a peak Tlie use of pressure for the b is slower and the rate of 
rise changes dining the closuie, as indicated by the inflected form 
of the curve The voice vibialioiis are clcaily indicated in the 
b tracings Tliere is a distinct dtifcrcncc between the iclcasing 
and the arresting consonants 

tiacing of the "inside air piesaure” taken from a laryngectomizcd 
subject speaking the same syllables with an artificial laiyii'c Even 
though the subject cannot control the glottal opening of the instru¬ 
ment, he is able to make the chaiactcnstic distinction in pressures 
foi the voiced and the unvoiced sounds 

Time is recorded iii 2 sec 

Tracings of air picssurc withm the mouth duiing the consonant 
closutes foi sucli syllables ,is pup, hub, tut, and dud show that the 
prcssuic does not use as high in the mouth foi the voiced consonants 
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as for the unvoiced consonants. 16 is siicli a lecord. I lie 

normal tracing, A-2, shows the subject repeating pup and bub alter¬ 
nately. The air pressure for the p rises (juickly to a m.ixiiniiin and 
no vocalization is apparent; while die tracing of the b shows a more 
gradual rise and the picssme docs not icach the high level of the 
unvoiced p The ‘'inllcctcd” form of the tracing foi both the 
releasing and the arresting b is an indication of some compensaloiy 
factor which retards the rise of picssurc in the mouth, .ind the 
resulting air-flow sounds the vocal coids during the voiced stop 
On the same record A-1, a deaf subject (female, age 17 years, 
Group C), was repeating the same syllables siimiltanconsly with the 
normal subject It is cleai tliat no such dislinclions in tlic form 
or height of the tracing .ippcar The an picssviic uses to a gicatei 
height during the closuic of the b than that of p. No vocalivations 
occur A’3, in the same figure, is ,i similai lecciid taken fiom a 
kiyngcctomizcd adult who was speaking with an aitificial larynx. 
The same geneinl forms of the cviivcs aic appaient as those found 
in the normal tracing. The diffcicncc in aii piessuics in the mouth 
during the two types of consonants could have been achieved only 
by the manipulation of the mouth and chest picssuics, since llie sub¬ 
ject had no direct control over the glottal opening of the artificial 
larynx. 

The deaf subjects, especially tliose in Gioups l\ and C, all fail 
to make the distinction between the voiced and unvoiced slop 
consonants. Frequently they aie understood when speaking be¬ 
cause of the context, but when they icpcat altcrn.Ucly syll.iblcs witli 
voiced and unvoiced sounds, such as those mentioned above, it is 
impossible to distinguish between the sounds as they arc heaid. 

Nasality tn the Speech of the Deaf One of the most constant 
defects in the speech of the deaf subjects studied in this suivey was 
that of nasality. This defect occuircd not only as an excess of 
nasal resonance duiing the vowel but also as a leakage of air through 
the nose during the consonant closure In its extiemc form, the lack 
of control over the soft palate during the speech puiccss icndcis tlie 
speech of the deaf not unlike “cleft-palate speech “ All conson.ints 
become nasal and, therefore, contiiuiitives; cleai-cut stop consonaius 
become impossible Rccoids of this air-flow through llie nose weic 
taken on a large numbci of subjects by mc.ms of the nasal "olives ’’ 
The records show that nasality is a common defect in tlie spcccli of 
the deaf, especially among the profoundly deaf group. 
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Normal subjects learn to control the action of the soft palate in 
speecli by the sound of the voice, the action of the velum in closing 
the nasal passage becomes automatically coordinated into the entire 
speech piocess and no difficulty occurs. The deaf subject has no 
sucli cue as the "sound*' of his voice and therefoie finds it very 
diflicult to continl the velum Once this control is established, 
howevci, It IS no longer dependent upon the sounds, as is demon¬ 
strated by the fact that subjects who become deaf after they have 
learned to speak do not show any lack of velum control. 




FIGURE 17 

Kymocram of riiE Word “Pami’A" Spokpn by a Deaf Boy, Age 17 Years, 

AFU DY A NoKMAI. MALB ADULF 


Tiacings from the nose and .nr piessurc from the mouth wcic taken, 
}iose-2 —tracing of the nil pleasure fioin the nose of the noirnal subject 
There is a hiicf flow of an immediately pieccding the closure 
of tile initial p but it is iinmcdutcly stopped during the closure 
of this consonant Tbcic is the usual flow of air from the nose 
foi the nasal m which ceases at the clostiic of the abutting p 
A-2 —tiacing of the an piessuie inside the mouth token simultaneously 
with Nose'2 above The tracing shows the visual foim for the 
two P’s but no piessuiL foi the in 

NosC’l —tracing of the air piessurc fiom the nose of the deaf subject 
while apctiking the word '*pampa” The tracing shows unmistak¬ 
ably that theic is little contiol over the soft palate, for the breath 
hows fiom ihe iiosc foi all the sounds in the woul The tracing 
IS almost identical with A-I below, as if they were taken fiom a 
common picssine cli.imbei 

A-J —tracing of the air picssuic insulc the iiioiith taken simultaneously 
with Nosr-l above 'llus tracing shows the same forms foe the 
individual soiiiuls of the woicl as the nose ti.scing 
Simultaneous points arc clvcoked on the tracings 
Time IS rccoidcd in 2 sec 
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Figure 17 shows air-prcssuic tracings taken from tlic nose and 
mouth of a noimal subject and ol a deaf subject while repeating 
the word pampa. The word was chosen because of the abutting 
consonants mp, one of whicli is a nasal sound and the other is a stop 
consonant, requiring the opening and closing of the velum 1 he 
tracing from the mouth, A'2, the noimal subject, sliows the rise of 
air pressure during the closure of the p'$, while duiing tlic dosuic 
for the in tliis tiacing shows onlj' voice vibiaiions wiili /eio jircssiue 
Correspondingly, the record fioni the nose (Worc-2) shows no an 
flowing during the /s, but indicates the flow foi the nasal m. The 
slight flow which piecedes the initial p in pampa is due to the rapid 
closure of the velum as the lips close The tracings J-l and Nose-1 
were taken from a deaf subject, male, age 17 years, Gioup C, while 
repeating the same word. This lecord wms scleclcil because it sliows 
the extieme foim of nasality. I3oth tiacmgs A-i and Nosc4 arc strik¬ 
ingly alike, ns if they were taken from the same picssuic chamber. 
And, indeed, that is what happened, for tlicic is obviously very little 
action of the soft palate and the "olives” in the nose and the tube in 
the mouth were "tapping” a common aii clmniber. Siicli extieme 
lack of velum control is unusual among the gioup of subjects studied, 
but oittiiy of them show, ut a lesser dcgiee, that tuistility ib a conunon 
defect. 

iSmiuriAiy of the Phase Data, Moic than two thous¬ 
and phrase rccoids were mcasuicd for all the subjects used in the 
experiment. Three sets of quantitative data weic obtained, (n) 
the time, or duration, of the phrases of diffcient length, (b) the icla- 
tivc amount of breath expelled pei phrase as inc.isuicd by tiic 
amplitude of the pln.ising movement; and (r) the rate of air-(low 
per syllable during the phiasc, as mcasuicd by tbc latc of inward 
movement of the body walls duiing the plirasing movement. 

The summary of these data clearly indicates that thcie is a decided 
correlation between the dcgiec of hearing-loss of the deaf subjects 
and the lime required for the repetition of a given pliiase and tiic 
amount of breath expelled during that pliiase The data of those 
who have the least amount of lieanng-loss coincide most neaily 
with that of the normal group. The data for those wlio .ue pro¬ 
foundly deaf fall farthest away fiom tlic normal; wlulc the data 
of the intermediate group fall between the tsvo extiemes. (Sec 
Figures 18 and 19.) The amount of icsidual licaring, llicicfoie, 
becomes an important factor in the ability to loam to speak by 
present methods of teaching. 
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Tim 


9 SYLLABLE 
PHftASC 


^JVLIABLE 4-SYLLABLt 

PHMSE PHRASE 



DisTRinurioN Curves of tor Timb (in Seconds) Requirfd for Rcpeatino 
THE Nine-, Seven-, and Pour-Syli able Phrases dy the Four 
Groups of Subjects 

The disti ibutions of the noifiial data aie placed at the bottom Groups A, 
B, and C me arranged above according to tlic dcgicc of hearing-loss The 
means of tlie normal distributions aie extended upward tliiough identical 
points on iKg base lines of the othci distributions 'The means of all the 
distiibutions of the deaf groups fall to the right of, and are tlicrcfore 
higher than, the means of the normal groups The time reqtiircd for the 
phiascs increases with the increase in hearing-loss 
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D(PIR/mVf /A'DfX 


PHRASE 


7 SYLLABLE 
PHMSE 


ISrLLAQU 

PHRASE 



FIGURE 20 
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A i A 16 H I* ti IS ?0 ?J 
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4 6 B 10 12 14 16 IB 20 22 


Distribution CuRvra or the Expiratory Iwdex (Rate or Air-Flow) tor the 
Nine-, Slvln-, and Four-Syuable Phrases for the Four 
Groups of Subjects 

The diatiibutiQn<i of the normal data are placed at the bottom The data 
for the thiee deaf gioupst A, B, and C, are aiiaagcd above accouling to the 
degree of deafness The means of the normal group are e'ctended upward 
through identical points on the base lines of the other distnlmtionsi The 
means of all the distributions very nearly coHicide This means that 
the late of nii-flow per svllable in the phrase was piactically the same for 
all the subjects No data were available for the normal gioiip for the four- 
syllable phrase 


Xlic expiiatoiy index, ot rate of bieath flow, lemaiiis about the 
same for all four gioups The single exception is tliat of Group 
C, tile piofoundly deaf group, for the nmc-syllable phiase, in which 
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iNDiviDCAL Averages of Time, Amplitude, and E'ctiratos.t Index for Nine-Sti.lable Phrase 
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TABLE 4 

Individual Averages of Time, Amplitude, and ExpiRATORr Index fur Four-Stllable Phrase 
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the rate of air-flow pei syllable is somewhat laigci. In general, this 
indicates that if the normal subjects spoke as slowly as the deaf 
subjects do they would use approximately as much hicath as <lo 
the latter Thus, incieasing the latc iii speaking hetomes veiy 
impoitant for bicath conservation in the speech of the dc.if. 

Tables 1, 2, 3, and 4 give the individual averages of the tune, am¬ 
plitude, and the expiratoiy index for the foui gioiips of subjects 
for each of the four phrases used I’lie t<ital avci ages witli the mim- 
ber of plirascs mcasuicd foi each gioup arc presented below each 
tabic. These same dataaic picsented graphic.illy in the distiihulion 
curves in Figuies 18, 19, and 20 In these distiihution cuives the 
data for all foui groups of subjects used aic plotted on the s.nnc base 
line, each phrase length placed one above the otliei, so that the means 
of the noimal group can be extended through uUntical points in the 
curves above tbem The displacement of the means of the deaf 
groups to the right of the means of the noimal gioup in Figuics 18 
and 19 indicates the degicc of deviations from tlic noimal. Also, 
the piogrcssive mcicasc tn displacement of the mcrins of the deaf 
groups with the mcicasc in hcaiing-loss is clearly evident. In 


TABLE 5 
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Figure 20, the expirfttory index data, tlie noimal means practically 
coincide witlr the means of tile deaf groups with the exception of 
the nine-syllable-phrasc data foi Group C, the very deaf gioup. The 
reliabilities of the difteiences between the means of the several 
groups aic presented in Table 5 

DrscussioN OF Results 

The results of this study show very clearly that the speech of the 
deaf subjects presents such wide vanabilitiK in all the quantitative 
aspects studied that it becomes impossible to formulate a “standard 
deaf speech.” Even if it weie possible to do so, the value of such 
a standaid would be nil since it is the puipose of any progressive oral 
program to develop normal speech and language in the deaf. There¬ 
fore, the speech of normal people is the only legitimate standard 
with which it IS feasible to compare the spea:h of the deaf. 

The quantitative data obtained from tire noimal group of hear¬ 
ing subjects may be accepted as a standaid or “norm” since the dis¬ 
tributions fall within a very narrow range, and the amount of 
data obtained and the number of subjects used are sufficiently large 
to insuie a fair degiee of lehabihty A comparison of the data 
obtained from the deaf and the normal subjects, therefore, becomes 
highly signiiicant as a measure of the speech of the deaf. 

The degree of abnormality found in the speech of the three sub¬ 
divisions of the deaf subjects rs highly correlated with the degree 
of deafness These abnoimalities may be summarized as follows, 
(a) extremely slow and labored speedi, usually accompanied by high 
chest ptessuie and uttered with an excess amount of breath, (^) pro¬ 
longed vowels with consequent distortion, (r) abnormalities of 
rhythm, (d) excessive nasality of both vowels and consonants; and 
(^) impropei function of consonants with the consequent addition 
of extia syllables at points between abutting consonants. 

All of tliese defects can be classified as incooidinations of the 
speech muscles Th<at is, they aie deviations from the normal speech 
coordinations latliei than specific inaccmacies of speech sounds It 
IS true tiiat inaccuracies of sounds result flora the incooidinations of 
the motor mechanism, but such inaccuiacies are effects rather than 
causes. If the noiinal speech cooidmations were piesent it is obvious 
that a laigc number of the acoustic abnormalities would not appear. 
Of course, the deaf person can hardly hope to achieve a normal 
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voice quality oi to speak with the noimal pitch changes and mncctioiis 
of voice which arc common to hearing people. Tlie absence of the 
sense of hearing will naturally piecludc the control of tliose acoustic 
qualities winch aie dcpcnclent upon hearing Hut the chcst-ahdoiin- 
nal coordinations involved in the noim.il plnasiiig movement, the 
proper execution of the syllable movement, the inoper functions of 
the consonant in syllables, and the iuiim.il speech rfiythms are not 
dependent upon liearing They aic simil.ir to otiici types of skilled 
movements in that they m.iy be contiollcd by cues fiom the move¬ 
ments themselves (kimaesthcsis) Wc have seen how those subjects 
who lost their hearing aftei they had le.iinc(l to spe.ik lontinuc to 
use the noiinal speech coordinations althoiigli iliev ncvci hear the 
sounds winch these cooidinations piuducc Indeed, those "vnIio .uc 
"congenitally” deaf learn a certain type of speech cooidmation and 
use it in spite of the fact that they ncvci heat the sounds It seems 
reasonable, therefoic, to assume that if the congenitally deaf peison 
can be taught to speak with a ccitnin type of speech cooulination he 
can be taught the noimal, oi coiicct, type. 

The correlation between the dcgiec of hcaimg-lnss and the degicc 
of speech abnormality of the deaf is .1 cleai imhc.iiion tli.it lesidu.il 
healing is an important factor in the speech dcvclopinnil of tlic deaf. 
This IS not proof, howevci, th.it the piofoumlly de.if child cannot 
learn the normal speech coordmalions; it merely suggests that the 
pioblem IS more difficult. It suggests also lli.it the metliods of 
training whicli aie adequate foi those who have .1 usable .nnoiim of 
residual hearing aie not so efficient in tc.iching the piofoutully deaf. 

A recent investigation indicates lli.it icsidvial lieaimg ib a factor 
even in the prclinguistic vocalizations of young iinti.lined dc.tf clnl- 
dren Miss Sykes (8), in 1933, in a study of tlic voL.ili/iiliotis of 
fourteen young deaf children in the cntciing classes of Cl.iikc Scliool, 
found that the frequency of vowel sounds was not aftccteil by the 
degree of deafness But she found a high con elation between llic 
frequency of syllables containing consonants combined with vowels 
and the degree of hearing-loss. The piofoundly dc.if child of foui 
or five yeais used very few consonants combined witli vowels in ins 
babbling, while the frequency of such conilnn.itions ineuMsCcl with 
tile inciease in residual hcaiing 111 the group. I'lie liiuiings of Miss 
Sykes and the results of the picsent study .uc evidence lliat the 
profoundly deaf child, from the veiy beginning, picseiUs a tlilfeient 
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pedfigogical pjoblem than do those who have even a small amount 
of residual healing. 

The practical implication is that the method of speech training 
which has been used produces relatively normal speech m those sub¬ 
jects who have sufficient residual hearing to help them, but that 
such training has been inadequate for the piofoundly deaf child since 
It fails to pioduce the noimal speech cooidinations Children who 
have residual hearing can be taught to speak by means of efficient, 
modem heaiing-aids. Profoundly deaf childicii aie denied this 
advantage, yet they are to be taught to speak well in spite of this 
handicap. More efficient methods of speech tiaining are being de¬ 
veloped for this gioup, methods based on a fundamental knowledge 
of the normal speech coordinations. Experienced teacheis, therefoie, 
aic to gain a wider knowledge of the developments of experimental 
phonetics and to use ability and ingenuity m applying this knowledge 
to their teaching Apparatus ■u'hich gives visual cues has been de¬ 
veloped which can be used in the concction of individual cases of 
nasality, bad handling of the velum, of mefficieni voicing of con¬ 
sonants A stioboscope which gives visual cues foi the correction 
of pitch and inflection of the voice is now past the cxpciimental 
stage and will be useful m pioducing voice contiol m the piofoundly 
deaf Child psychology, especially the phase which deals with the 
caily speech development of normal childicn, should have much to 
offiei to those who aie interested m the problems of the deaf 

Summary 

The kymographic method was used to study the speech cooidina- 
tions of sixty-two deaf subjects and twenty-five noimal heaiing sub¬ 
jects for compaiativc pui poses. All the subjects weie lequiied to 
repeat tlie same speech materials' phiascs of 9, 7, 5, and 4 syllables 
in length; syllables containing voiced find unvoiced consonants, and 
woids containing nasal and stop consonants. The phiases were 
measured for the time requued foi the repetition of a given phiase; 
amplitude of the phraang movement, which gave a measuie of the 
relative amount of bjcath expelled pei phrase, and the latc of bieath 
flow pci syllable m the phrase. The speech of the deaf subjects 
shows the following .ibnoimalities when compared with that of the 
nouYial group («) extremely slow and Uboied speech, usually ac- 
comparued by high chest piessme with the expenditure of excess 
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amounts of breath per phrase; {b) piolonged vowels with the con¬ 
sequent distortion of these sounds, (r) abnornuiUtics of rhythm; 
(d) excessive nasality of both the vowels and consonants; and (c) 
improper function of consonants with the consequent addition of 
extra syllables between abutting consonants. Thcie is a high posi¬ 
tive correlation between the degree of alnioimality ami the dcgicc 
of hearing-loss Subjects who became deaf aflci li.iving leai ned to 
speak normally still retain noimal speech cooiihnations. 'I'lns is 
taken to indicate that the speech movements are not dependent for 
their control upon the sounds produced hv them I'hc conclusion 
IS that the methods of speech training which have been used are not 
adequate for the development of normal spcecli coouliniitions in the 
profoundly deaf. A clearei knowledge of normal speech cooulina- 
tions is to be useful to tcachcis who aic interested in training the 
profoundly deaf child to speak. 
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UNE Etude comparative des coordinations de la 

PAROLE CHEZ LES ENPANTS SOURDS ET LES 
ENFANTS NORMAUX 

(Rfisutnc) 

On a emptoyd la radthode kymographique pour dtudiei les coordinations 
de la parole de 62 sujets aoutds et de 25 sujets d’ouie norraale dans tc but 
de les comparer On a fait lepdtei les inetnes paroles h tous les sujets* des 
pluases de 9, tie 7, de 5, et de 4 syllabes en longuciii, des syllabes con- 
tenant des consonnes sonorea et souides, et des mots contennant dcs 
consonnes nasnies et explosives On a inesure lea phrases pour le temps 
iidccssaire pour la rdpdtition d’une phrase denude, pour I’amplitudc dii 
motivcmeDt des phrases, laqiielle a donne une mesure de la qucntite relative 
cle I'haieine expulsec h chaque phrase, et pour la vitesse dc la respiration 
pour chaque syllabe dans la phiase La parole des sujets sourds niontre 
les anoimalltes suivaiites qiiand on la compaie h cello du gioupe normal 
(/r) une parole ettr&mement lento et penible, nccompagn^e oidmairement 
d'unc haute pression de la poitiine avee I’cmploi de quandt^s exccssives 
tVhaleme pour chaque phrase, (2’) clcs VaycHes prolong^a avec In distortion 
snhsiquente de ces sons, (t) des nnotmniit^g du rhythme, (d) une nasahti 
excessive des voyclies et des consonnes, et {e) une fonction incoctecte des 
consonnes avec I'addition subs6quente de syllabes suppldmeiUaues entre les 
consonnes ptoches II y a une haute cortdlation positive entre le degri de 
I'anormaUti et le degri dc Is peite de I'ouie Les sujets qui sont devenus 
sourds apris avoir appcis tt patter normalement retiennenc encore les co- 
otdinationa noimaica de la parole On crolt que ccla indique que les 
mouvements de la parole ne dependent pas pour leur goiivernemcnt des sons 
qu’ils prodiiisent La conclusion est que les m^thodes de I'entialncment de 
la parole employees jusqu’ici re su/Hsent pas pour le ddvcioppecrcnt des 
coordinntions normsles de la parole chez les trds sourds Une connaissancc 
plus clnire des coordinations noimales dc la parole doit Stre utile aux 
mattres qui s’oecupent d’entratrer I'enfnnt tr^s sourd pour la parole. 

Hudgins 


EINE VERGLEICHENDB UNTERSUCHUNG DER SPRACH- 
KOORDINATIONEN TAUBER UND NORMALER KINDER 

(Referat) 

Die kymographische Methode wurde ankewandt zur Untersachung der 
Sprachkoordinationen von 62 taaben und 25 noimalhorenden Versuchsper- 
sonen zum Zweeke einer Vergleichang Alle Vetwchspersonen wurden 
aulgefordert dasselbe Sprachmaterial zu wiedcrholen Ausdtucke von 9, 7, 
5 und 4 Silben Lange, Silben, die stimmhafte und siimmlosc Konsannanten, 
und Woitcr, die Naseti- und Verschlusslaut entluelten Die Ausdrucke 
warden genacssen nach der fur die Wtederholung emea gegebenen Auadrucka 
gebraiichten Zeit, nacii FuHe clei ausilruckenden BevreeunBi die ala Mass 
fur den relativcn Umfang der pro Ausdruck aiisgestoasenen Atmung gnlt, 
nach dem Grad dea Atmungsfliissca (breath flow) pro Silbe im Ausdruck. 
Die Sprache dei tauben Versuchspeiaonen weist jin Vergleich mit derjenigen 
der Normalgnippc die folgenden Abnormalitaien auf. (a) ausserordentlich 
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langaame und gezwungene Sprachc, gcwohnhcl. von lioliL-m Brustdruck niu 
Ausgabc iibermassigcr Liifimcngc pro Ausdmck beglcitct, {b) vcrlangcrte 

Vokale mit der damit verbiindenen Vcrbildung dicn-r (f Abum- 

malitaten dcs Rhythmusj (rf) ubernwssigc NascnluldutiK dcr Vnk.ilc sounlil 
w:e der Konsonnontcn; und (r) unpasscndc I-unkiion tic. Knnsnimanun nut 
dem damit verburidencn IIinMifugcn von Utranilbcn /w.scbcn angrcii/cnden 
Konsonnatiten Ea bcsicht eine hohe positive Kofrelaimii zwiulici dcin 
Grad der Abnormalitat und dem Grad (JcIiorsvcrliHies Vcrmicbspcrsiinui, 
die Taiib wurden, mchdcm sic noimal /« aprctlic.i gcleriu It men. Iiow.ihrcn 
nocli normale Siuaclikoordiiiationeii. Dies gilt ah iJcirlicn il.ifnr, dass die 
Bcherrschitng dcr SprachbewegiinRcn nicht von den duicii sii- beiviiiRC- 
iiifencn Tonen abhangt Die SchliissfolKcrunR lainct, ihss the Mciboclen 
dea Sprechtiaimnga, die bishcr anficwamlt wurden, fur die LimviikUmg 
normaler Sprachkoordmationen bci den Starkiaubcn nitlu angemcsscii sliul, 
Eine klareie Erkenntnis der norinalcn Spracbkoordinationcn wirtl Lclircin, 
die sich fur das Spraclitraming stark taiibcr Kinder intercssicren, beliiinicli 


gem 


IIUDOINS 



WRITTEN TESTS FOR THE CLINIC* 

From Daiivets State Hospital, Ilathoruc, Maisaclwclis 


Grace H Kent 


I Introduction 

Tlie Kent-Shakow batteiy of written tests (4) was formulated in 
1925, primarily foi the purpose of having a wiittcn climcal test 
which could be used without a time limit The preliminary 
standardization was done m the schools of Leicestci, Massachusetts. 
The batteiy then consisted of nine independent units, four of 
which weie latei discaidcd. The following year the five survivois 
wcic revised and introduced into the state training schools, with 
the addition of two othci tests which had been standardized without 
<a time limit. Holley Sentence Vocabulary (2), and Trnbue Sen¬ 
tence Completion as modified and standaidizcd at the Judge Baker 
Foundation (1, p. 42) The seven-unit batteiy thus made up came 
to publication in 1928, in a very crude state Having no expectation 
of being able to cairy the development any furihci, the writei 
thought best to offer the test as it was, with recommendations for 
icvision 

The next ycai this battciy was mtioduccd into Danvers State 
Hospital, and the work of this institution incidentally affoided limited 
oppoitunity for group test standaidization m a few public schools of 
Lynn The battery was then thoroughly revised, according to the 
plan already outlined. Tlie Holley Sentence Vocabulaiy and the 
Modified Trabue tests wcic dropped, on the gioutid tJiat they 
icquned too much time as compaicd with the othci units Wood- 
worth-Wells Haid Directions (8) was adopted iti place of the 
former, and an easier sentence completion test was substituted for 
the latter 

The seven tests, in the icvised form, are now distributed by The 
Stoelting Company, as No. 37031, A to G The units are printed 
on sepaiate sheets and can be obtained cilhei singly or in sets of 
seven 

Matciial for standaidization has been obtained, at diffeient times, 

^Accepted foi pub!ic.i(ion by Carl Murchison of the liditoual Bonid 
nnd received in the Eilitonnl Office, September 21, 1933 
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from the schools of Lvnn, Jersey City, Andovei, and Danvcis. 
During the first season Sentence Completion was given with a two- 
minute time limit, and the other six tests were given without time 
limit For all records obtained since 1929, each of the tests li.i-? 
been given both with and without a time limit Aftci having 
worked two minutes on each of tlic seven pages, the children wcic 
allowed to finish at then leisure with led pencils Collections on 
the first part weie permitted, if made in jed, I'liiis each iccoid 
yields two independent scoics, a timed score based upon the le- 
sponses made with lead pencil and an untimed scoic which includes 
all lesponses on the page Two sets of norms can now he offcicd, 
and it is possible to derive two rating fiom each test 

Although gioup-staiidardized (as a mattei of necessity rathci than 
from choice) the battery is intended piimarily for individual ex¬ 
amination of clinical subjects. This aim lii^ been kept constantly 
in mind during the couise of standardization Strict uniformity 
of diction has been studiously avoided in ordei to leave tlic clinical 
examiner the more free to adapt tlic picsentation to the compiclien- 
sion of the individual subject All possible eftoit lias been made to 
give the group-examined subject the advantages of individual ex¬ 
amination The picsentation has been adjusted to the dull oi imma¬ 
ture members of each gioup and has been supplemented by any 
individual instructions that would be permissible in an indivuliinl 
examination. It is on this ground that the cost of standauh/.ation 
is justified Theie is no lack of school tests which .iic picscnted 
by a rigidly prescribed formula in oider to insuic stiict uniformity of 
presentation. The most distinctive fcatuic of this battery is th.it 
the objective conditions undei which the test is picbcntccl aic fiankly 
sacrificed in order to secuic some appioach to iinifonnity in tlic 
subjective conditions under which the test is letcivcd. 

For all the tests except Hard Directions, compiclicnsion of the 
requirements is made as easy as possible Hard Directions is essen¬ 
tially a measure of the subject’s ability to follow wiittcn instructions. 

’For the privilege of woiLing in the schools I ,im iiidchied especially to 
Mary O'Neill of Lynn. Ernest Kent of Jciscy City, Ilcniy Snnhorn of 
Andover, and Ivan Smith of Dnnvcis David Sliakow took a gcnciuns part 
in the revision of the tests, ns in the oiiginnl foriniilnlion In llic woik of 
collecting and scoring the iccords I have received aasistnnic fiom 15, 
Prances Wells Dorothy McLeod, Lucy Snnboin, Alice Scliocnfiiss, Maiy 
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This unit has been introduced into the battery specifically as a test 
of comprehension in oidcr to covei this particular variable and there¬ 
fore to make it unneccssaiy to include difficulty of comprehension as 
a factoi in the rest of the batteiy For the other six tests, it is 
undeistood that the subject is entitled to whatever instructions or 
repetitions arc needed to make the lequirements clear to liim 

II Instructions por Group Presentation 

The test forms are made up in sets, m the following order* (1) 
Hard Drrcctions, (2) Information, (3) Similarity, (4) Essential 
Property, (5) Essential Difference, (6) Arithmetical Reasoning, and 
(7) Sentence Completion Each set has its own serial number, wiit- 
ten on each of the seven sheets. It is irapoiLant that the pages be 
numbered in advance, as the children cannot be trusted to do it 
coriectly. The seven sheets of a set are held together by a icmovablc 
paper fastener. 

Befoic the test forms are distributed to the children, the pro¬ 
cedure IS explained—infoimally and conversationally—from sample 
items which have been copied on the blackboard. This explanation 
IS adapted to the compieliension of third-grade pupils, 

"These papers will tre placed on youi desks wrong side up 
Write your name on this blank page, and take off the clip 
Be caieful not to do anything else until I tell you When every* 
one IS ready you may turn over the papers, nil of you at ex¬ 
actly the same time Be sure to turn the whole pile, like this, 
just as If they were still clipped together You will then liavc 
this page on top (Hard Directions) When I say 'Go/ 
start leading the page and do just exactly as it tells you Do 
the best you can until I call time, then stop at once After 
that you may slip this sheet under the others, this way, and 
then you will find on top one that begins like this (reading 
from blackboaid) 

Maple is a kind of bug cloud metal tree 
Which IS it? Yes, maple is a kind of tiee, so we will draw .a 
line under the word l}ec Thcie is a whole page of sentences 
like this, and you aie to complete each sentence by underlining 
one of the foiii woids Don’t take time to write the word, and 
don’t bothci to cliaw the line very carefully, because you 
need all your time foi the icst of the page See how much of 
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the pngc you cnn cover before 1 tell you that the time is up 
The next page begins like this 

Quiet means most like noisy quite still talkative 
which IS It? Yeb, still It sounds most like qmte, Init it nuaiiH 
most like Jlill, so we underline slill On lliis puKc he sure 
to mark the word that means most nearly the same ns the (list 
woid in the line . Then there is a pngc beRiniiing 
A man always has food glasses head shoes 
What IS It that he nlways has? Yes, head He has food 
three times n day, sometimes he wcais glasses, usually he h.is 
shoes, but he always has a head,—he wouldn't be a nun svilli- 
out a head In each line on this page, look fur tlic thing that 
it alvinys has, never mind about the things tliat it usually has; 
and be sure to mark just one word in eacli line . The next 
page begins like tins' 

apple carrot pcath ])ear 

Which of tlicse is most different from the olhcra? Cmroi, ^Yhy 
IS canot different,—they arc all good to cat Yes, carrot is a 
vegetable and the othcis arc fiuits, the carrot grows in the 
ground while all the others grow on trees Here is anutlicr 
sample 

bitter sour ssvect white 

Which of these is most different? ff'hne. But why? Hitter 

and sweet are very different, why is white more different ? Yes, 
because white is a color. Bitter and sweet arc very diffcieiu, 
but they are both tastes; vrhitc is still more different, bccntisu 
It IS not a taste at all . The next page hns some pioidums in 
arithmetic, You may use the mnigins for fiRuriiig, then 

wiite the answer on the dolled line. Don’t expect to iiiiisli, hut 

do the best you can.. . Then the last page has some scntencca 

with words left out, like this. The sky-blue WluU 

word shall I write in the blank space? Yes, ij When you 
come to this page, write one word in each space, the word that 
makes the best sense I’m going to let you woik pist two 
minutes on each of these pages, and then later you mav have 
all the time you need for finishing them. Now I am going to 
lay the papers on your desks, and rcniemher that llicy arc not 
to be turned over until I tell you.” 

It is essential that this expinnation be jrivcn befote the papcis 
are given out, not after oi duting the distuhiition. 'I'lic desks 
should be clear duting the explanation, as oiliciwise ii is difTiciili 
to hold the attention of the childicn to the blackboaid 
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As soon fis the slowest child in the room, has written his name 
and removed tile clipj possibly with assistance, permission is given 
to turn the papers over. As they are being turned, examiner repeats 
the mstiuctions for Hard Directions: “Be sure to do just exactly 
as this page tells you. Ready . . Go.” In lesponse to any question 
concerning this test no answci is given except: “That’s for you to 
decide,” oi “We’ll be satisfied if you do the best you can.” 

At the close of the two-rainute period the children are instiucted 
to slip this sheet undei the others While they are doing tins, the 
essential instiuctions for the next test aie summarized m a sentence, 
as a reminder of the diicctions already given fiom the blackboard. 
For Information the most important item for reiteration is: “Be 
sure to underline the word, don’t take time to wiite it.” For 
Essential Property it is advisable to emphasize: “Be sure to mark 
jusi one woul m ench line” 

After time has been called for the last of the seven tests, the lead 
pencils arc laid aside and the red pencils are given out Tlic 
childien are rcQuested to finish a given page before passing on to 
another page, but aie not lequired to take the seven tests in any 
paiticulni aider. It is desirable that the effects of fatigue, if ap¬ 
preciable, should be distributed over the seven tests and not con¬ 
centrated upon one oi two. This, however, has been left to chance 

Some childien prefer to guess when uncertain, while others prefer 
to omit the item. Tills matter has been left for the most part to 
their individual choice, but occasionally a very diffident child has 
been encouiaged to guess. 

Examiner and assistants are kept busy answering individual ques¬ 
tions, especially in the early part of the peiiod. It is peimissiblc 
to encourage the children to do their best, to assuic them that a 
perfect score is not expected, and to remind them that the words 
arc to be underlined rather than written. It is important also to 
pievent cheating and to take down the semal number of a cliild 
who deviates fiom the instructions m such a way as to invalidate 
any part of liis lecord. When the papers are handed in as com¬ 
pleted It IS necessary to inspect each page m oidei to m.ake sure 
than none are left unfinished. 

Short cuts are peimissible when the test is presented to school 
chiltlicn of the uppei grades or to children who are highly practiced 
in being tested. Howevei important it is to make the lequircincnts 
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dear to every child in the group, it is not considered nccessaiy to 
insult subjects of high mentality by presenting tlic test exactly as 
It is presented to children in third giadc 

III Clinical Prfsfniation 

In an individual examination each unit is picsciUcd singly The 
procedure is explained from the sample at the head of the page, 
with as much or as little attention to detail as tills pai titular subjett 
seems to requiic foi a clear undeistanding of what ib to he done. 
The tuning, if done at all, is done as unostcnlatioiisly as possible, 
With no unneccssaiy formality about starting and stopping Tlic 
subject takes Jus own time for staiting, wlicreupon the cxaminei 
quietly starts the stop-watch At tlic end of two minutes the subject 
is requested rather casually to use the red pencil foi the icst of the 
page 

Not eveiy clinical subject can be requested to woilt iindci a tune 
limit without destroying the vnliclity of the examination. Some 
hospital patients, because of pathological ictardation, woik so slowly 
that It would be manifestly unfair to evaluate the rcsiiUs in tciins of 
speed Still other clinical subjects are so neivous ami diflident 
that the timing itself makes the test unfaii to them, unless tlic tunc 
record can be taken without tlieii knowledge. Foi many subjects, 
therefore, it is advisable to omit tlic timing and to evaluate ihc 
achievement by the uiitimcil noims, ns foimcrly 

Technically, it is easier to picsent the battciy to an individual 
than to a gioup, but it is of seiious Impoitance to keep the cliiiic.il 
subject at his ease, and this is natuially a inoie delicate matter for a 
person examined singly than foi a group examined collectively and 
impersonally 

In order to minimize the subject’s consciousncbs of being obscived, 
the examiner should have at hand some occupation wliich is obviously 
not related to the examindtioii. When the subject hands in a com¬ 
pleted recoid the cxaminei should slip it into a dr.iwei as if it weic 
of no further interest and proceed immediately to the picsentation of 
the next unit On no account should the rccoid he inspected in full 
view of the subject. 

At the same time, it is a gicat convenience for tlic cx.iminei to be 
able to score each record on the spot, so as to take advantage of the 
results in deciding what further tests to use, This pioblem can be 
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met by having a wide but shallow drawer in the table, after the 

subject IS -well started on the next unit, the examiner can then 

read the completed record under covei, without the knowledge of the 
subject. 

How far an examination should be carried depends upon the le- 
actions of the subject If the first four tests given yield the same 

rating, the median by the batteiy is already determined and it is 

unnecessary to complete it. If the lesults show the test to be iion- 
dlscriminative, if the subject gives unsatisfactory coopeiation, or if 
he shows undue fatiguahility, it is useless to continue. 

IV. Evaluation of Results 

Hard Duections There is piactically no limit to the variety of 
reaponscs which tins test elicits It is not to be expected, therefore, 
that any mechanical scoiing system will be subjectively satisfactoiy 
The system here offered, with the consent of the authois, is a 
compiomise It is not claimed that the lulcs foi scoring cover all 
possible lesponses. 

The test includes 22 items, 16 which call foi a specified written 
icsponse, and 6 items (3, 5, 12, 13, 16, 20) which lequire by 
mfciciice that notliing be done m a given space. Accoiding to the 
weighting adopted, the perfect score is 38 points Responses are 
evaluated as follows 

1 Two points for each coiicct lesponse involving a specified 
mark 

2 One point for each coiicct omission (involving lesistance to 
the suggestion of an incoiiect response) 

3 Half-credit may be allowed, at the discretion of the examiner, 
for a paitially coricct lesponsc to a two-point item Examples, (ff) 
two ciosses, 01 three dashes, in substitution for tliree ciosscs; (i) 
a correct response which is slightly misplaced, (c) a possibly conect 
response which cannot be deupheied with ceitamty, {d) a correct 
response, accompanied by a veiy slight superfluous mark. 

4 No penalization for incorrect spelling, if tlie meaning is clear. 

5 Ccircctions aie accepted, except for item 20. Inasmuch as 
this reads “Do nothing here," no cicdit is given foi erasing the re¬ 
sponse which should not have been written. Full credit foi other 
collections, if clear, 
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6 When any considerable part of the page is left blank, no 
ciedit IS allowed for more than one omission following the last 
written response, nor for this fiist omission if it is more than one line 
removed from the last response. 

1. The last sentence (wilte the first letter of youi fnsl name 
and the last letter of yoin last name at the ends of this line) 
includes two items’ writing the last Icttci of the l.ist name as 
opposed to.the two initials, and jilacing one of these Ictteis at eacli 
end of tlie line, or both lettcis at each end, as opposed to wilting 
them together at one end only. A subject whose surname begins 
and ends witli the same letter is lield responsible for writing the 
last letter clearly as a lower case Icttci; foi otlici subjects it may 
be either a capital or lowci case letter. John Doc receives full 

credit, four points, for wiitmg / at the left end of the line and E 

or e at the right end, also if he wiltcs J E at each end of the line. 
He receives two points on item 21 foi wuting tlic Icttcis J E at oiic 
end of the line, cither the light oi the left end. lie leccivcs two 
points on Item 22 foi writing f at one end and D at tlie othci, m 
for writing / Z) at each end. No cicdit is, allowed foi wiiting the 

two initials at the right end of the line, allliough this is the most 

common response, because tlic subject has ovci looked the two speci¬ 
fications which present any difficulty and because any iccognltion of 
this response would involve fine splitting of ci edits. 

Information, Similanty, Essential Viopeily, Essential Dijfcicnce. 
These four cioss-out tests arc scored mechanically Tlic items are 
not weighted. One point is allowed for each concct lespoiise, ihc 
perfect score being 25 for Infoimatioii and 26 foi each of the 
otheis. No deduction is made for responses presumably coiicct by 
chance except when a child maiks the fiist oi last woid of each line 
consistently for a considerable part of the page. No cicdil is given 
for the part of the page thus mniked. 

Corrections arc accepted, if reasonably clear. No credit is given 
for a line in which two woids a»c maiked except when the m.uking 
of the correct woid is distinctly licaviei than tlie ollici inaik 

Cardboard stencils may be made by cutting holes whicli expose 
the coriect word in each line, holes wide enough to sliow considerable 
space below the word. When scoiing Ijy stencil it is impoil.int 
to inspect each page carefully foi a Imc in which moic than one 
word has been marked. 
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Arithmetical Reasotnuff This test is evaluated by different 
methods. Independent norms are offered for the following modes 
of treatment' 

1 Sixteen items, with two-minute time limit, unweighted, one 
point each 

2 Sixteen items, without time limit, unweighted, one point each. 

3 Sixteen items, without time limit, weighted. 

4. Fust ten items, without time limit, weighted. 

5 Last ten items, without time limit, weighted. 

The weighting is as follows. One point each for problems 1 and 2, 
two points each for problems 3, 4, 5, 6, 7, and 8, tluec points each 
for problems 9, 10, 11, 12, 13, and 14, four points each for 
pioblems 15 and 16 

The problems arc arranged m order of difficulty, as indicated by a 
statistical study of the first 1100 iccords The values are arbitrarily 
assigned as being easily remembered. 

In individual examinations the test is larely used in full. For a 
subject of presumably high-giadc ability it may be shortened either 
by using tlie time limit or by omitting the first six problems Foi 
one who is expected to rate below 14 it is customaiy to use the 
section including only the first ten problcifls, but the subject who 
achieves a peifcct scoie on these problems should be permitted to 
complete the test, on the chance that his rating may be laised from 

14 to 14-plus. 

Sentence Gompletton. Like Hard Directions, this test is highly 
composite and elicits an mdefinite variety of responses Each blank 
space is counted as an item. Each word coirectly supplied receives 
credit of two points, with no penalization for incorrect spelling when 
the meaning is clear Full credit may occasionally be allowed for 
an unusual lesponsc, depending upon the context. 

One-pomt ciedit is allowed for the following {a) A woid which 

15 grammatically incorrect but otheivvise acceptable for full credit 
(6) A two- or three-word response which makes good sense and 
which is giammaticallv correct (<r) A correct response slightly mis¬ 
placed 01 not clearly legible 

The following list, prepared by Miss Doiothy McLeod and based 
upon a statistical study of all icsponses found m 5O0 records, may 
serve as a scoiing key. Full-credit responses, in italics, arc given in 
ordei of frequency Half-ciedit responses aic alphabetically ai- 
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ranged. This list includes all the onc-woid responses accepted for 
half-credit, except those which aie fully covcicd in the general 
rules stated above. Only a few two-woicJ responses are included. 

(I) On—ivom, in (2) Is. grow (i) Than, then. (+) 

Cnl (5) Rati, will, cliaacd, jiim])ecl, spranR. (6) 

Tree—hiW. (7) Eggs (8) Eal, gathet, cook, feed, 

have, like, sell, take (9) Melts, thaws—mo^ (10) U'aln — 
always, it, tlien (11) /I’C’ (12) 0/—from, willi (13) 

Made (14) IP'ood (15) ll'iiidow, hollies, luiiihlers, bulbs 
Uibes, iinriois, eye-glasses —counters, dislics, Rhisacs, saucers 

(16) Made, iijcd—liouglu, good, kept, meant, soiuetlung, straw 

(17) Svjeeping, (leaning. (18) Tires, wbeUs (19) 

Made —always (20) JViih, (21) Go (22) Niglil —eight 
(or any other hoiii), sunset (23) t//>—sleep. (2)) Morning 
—(Uytime, night. (25) irorA—don't play, sleep, slay up, 
wake. (26) Sleep—go, wake, woik (27) Go, run, uvalk— 
come, fall, hiiiry (28) Night, daik—mornnig, school, win- 
tei. (29) Are (30) Rail, tup, j/mwiZi/c— tlmuih olhcis, get 
huit, slip (31) yifv—some (32) Cornets —points (33) h, 

WAX—rains. (34) /«—for, of (35) lioni, ram, frees, 

whistle (3^) Then, and—,\z, soon, siiiidoiily, when. (37) 
r/i«Hrfci— fiicworka, noise, rain (38) /f'Ao, //lot—which, 
whom (39) lialiy, baby’s—[ilg, small (4C) Fast, yincftfy, 
rapidly— Us, straight (+1) //o»»c, l/irte, i»—away, iiuloois, 
safe, shelter (V2) —lighten, pellcr, storm 

When given without a time lurut, this test may he shortened by 
omitting the last two sentences. Norms arc given stpaiatoly for 
the first ten sentences and foi tlic whole page of twelve sentences. 
The shorter form is convenient for subjects of tlic lower levels, 
but is not discriminative above the age of twelve. 

V. Standardization and Norms 

Tile number of children included in the norms is 1792 Tlicy 
were in Grades 3 to 8, and their ages ranged fioin eight to fourteen, 
nearest birthday. No use has been made, at present writing, of any 
records obtained from cluldien outside of these age limits The 
norms without time limit arc derived from the 1792 records, hut 
the timc'lirnit norms arc based upon only 688 subjects. (These 
figures are reversed for Sentence Completion, wiiich was given witli 
time limit, but not without, to the hist 1100 children ) 



TABLE 1 

Medtan Scores, without Time Limit 
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The median scores ior each test at each age level are given in 
tabular form, the scores with unlimited time allowance in Table 1, 
and the two-minute scores in Table 2. The number of cases as 
given in these tables includes all the childien of a given age and 
IS only appioximate for any particulai test. There was some slight 
loss of records for each of the test units, especially at the lower 
age levels For example, a few of the timed records were invalidated 
because the children wrote words which should have been under¬ 
lined, and a few of the untimed tests were accidentally left un¬ 
finished The number of scores thus lost is negligible, but it would 
be more seiious if it seemed necessary to sacrifice the entire record 
of every child who lost one of his fourteen scores. 

The norms, with such deviations from the actual age-curves as 
have been adopted, are given m Tables 3, 4, and 5. 


TABLE 5 

Norms tor Arithmchcal Bbasonino 


Age 

16-itema 

2 minutes 

16 Items 
no time limit 

1 point cacb 

16 Items 
no time limit 
weighted 

First 10 
items 
weighted 

Last 10 
Items 

weighted 

9 

1 

1- 2 

1- 4 

1- 3 


10 

2 

3- 4 

3- 9 

4- 6 

2- 5 

11 

3 

5- 6 

10-lS 


6- 9 

12 

4 

7- 9 

16-20 

11-14 


13 

S-fi 

10-12 

21-25 

15-18 

14-18 

14 

7-9 

13-14 

26-33 


19-24 

14+ 


15-16 

34-40 


25-30 


Naturally, it would require a much larger number of cases to 
yield medians that could be accepted unaltered for norms, and it 
would requiie also a bcttei distribution of ages If the batteiy weie 
to be slandaidizcd pioperly foi the ages eight to fourteen, the noims 
should include a fair pioportion both of the eight-year children 
who liave not yet reached third grade and of the fourteen-year 
children who have passed beyond eighth giade. This undertaking 
offered no opportunity for obtaining well-balanced data at the ends 
of the scale It has therefore seemed necessaiy to lowei the scores 
for the eight- and nine-vcai levels and to raise them foi the years 
thiitcen and fouitcen The scale is stiongcst at the twelve-year 
level, qualitatively as well as numerically For this reason the 
twelve-year median scoie has in every instance been accepted unal- 
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tereci for the norms and has been used as a startinjj-point for what- 
evei alterations have been made 

With the exception of Aiithmctical Reasoning, which vieldcc! «ro 
scores at each age, the results showed few /ci« scoics or pci feet 
scoies. At each age, howcvci, the lanRc of indivuiual v.iii.itlon was 
very wide, In any given group <if chiidicn the Inglici stores were 
usually achieved by the youiiRCi ineinhers of the gioup. 

The level designated as fourteen-plus does not rcpieseiit .in age, 
but merely indicates a scoic a few points lugliei th.in wh.it Is ac¬ 
cepted as the fouitccn-ycar score 

VI. SERVICEVBILIIY 01 TUI- SySUM 

The advantages of a test b.itteiy ovci .1 composite test h.ive been 
emphasized by Kiihlmann (5), but in gciicial they li.ive leccivcd 
too little attention, 

Theic aic many ways by which some part of a test iccoid may 
be lost or uivalidated, especially when the test is timed 'I'lic most 
careful examiner may occasinnally make an cnoi in opeiating n 
stop-wtvtch, or the watcli itself may give o\it .\t a ciitisal moment 
Something so extraneous as the noise of a passing tiuck may divcit 
the attention of the subject fiom his task. Kven when exiciii.d 
conditions arc satisfactoiy, the coopeiation of tlie lIiiul.iI sulijcct 
IS a variable upon which the validity of the test must nccoss,inly 
depend One subject is unwilling at first, hut foigots liis ohjcLlion 
to the examination as Ins iiitcicst in the tasks develops, another 
docs well at first, but suddenly decides tliat he will go no fuilhci, 
and still another gives passable coopeiation foi paits of the ex¬ 
amination while flatly lefiisiiig to pcifoim tcitnin paititul.ii tasks, 
I'lic composite test sufters as a whole wlien .uiy given element is 
invalidated, for whatcvci leason. On the othci liiiml, the battery 
IS weakened vciy little, if at all, by the loss of some p.utii-ul.'ii unit. 
Frequently it is possible to substitute some otlici test for the lost 
unit so as to preserve the dcsiied number of elements; and even 
when the examination is hiouKht to a piematuie close by the rofus.d 
of the subject to give furtlici coopeiation, it m.iy still lie possible 
to give him a tentative lating by using the niedi.in of llie i.itiiigs 
which represent satisfactoiy cffoit. 

The Pintner-Pateison Pcifoimaiicc Scale (7), puhlished in 1917, 
ofters a loose collection of testa which can be used in whole 01 
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in pait, ns dcsiicd One uin intioducc into this system any additional 
test which IS indcpcndciulv stnndaidizcd, so as to take full advantage 
of wlinlcvcr test inaton.ils aie .it hand After having adopted this 
method in 1920, tlic wiilci earned it fmthci in 1923—combining 
language tests with perfoiiiuincc tests in ordei to deiivc the median 
r.iting fiiim a laigei nuinhei, using in a single system any available 
test shoil enough to be included as one clement of an examination 
and uiging that uiiupusilc wtluiul tests be published with mdependent 
nouns for each unit (3). 

Not one of the tests tliiis iccomincndcd in 1923 is still used by 
the writci, but the mctliod lias been gieatly sticngthened by ten 
years' service At inoscnt wilting the findings by language tests 
and non-language tests aic icpoitcd scpaintcly, and in each of these 
two gioiips any uns.iiisf.ictoiy unit is discaidcd whcncvci it is pos¬ 
sible to find nr devise anything similai which is less open to objection, 
The system is a glowing one, and so clastic as to pcimit indefinite 

glOM'th 

The scvcn-iinit haltciy heic dcsciihcd constitutes an impoitant part 
of the system It is in const.iiit use at Diinvcis State Hospital, both 
foi hospit.il patients .uid foi adolescent subjects examined in out¬ 
patient dimes Each of the uiiitb h adequately discriminative for 
the ages nine to fouitccn, a langc which covers the great majority 
of the subjects icfciK'd foi examination, and it is llieiefoie par- 
ticuiaily useful in examining an adult subject whose mental level is 
wholly a matiei of coiijectuie. It affoids a satisfactoiy substitute 
for the yt.infoid-ihnet sc.ile, which is now larely used foi an adult 
subject who can icad with SiufRcicnt fluency to take a written test 

Almost any intolligciu and lilciatc person prcfcis a wiitten to an 
oral examination, and this holds just as truly for the clinical subject 
as foi the candid.itc foi a univcisity dcgicc. Except at the lower 
mental levels, an examination bv the Stanfoid-Binet scale is an or¬ 
deal whicli tile adult oi adolescent subject should be spaied if 
possible 

Howevci, a wiittcn test having a time limit cannot be accepted 
unrcseivcdly In substitution foi an nial test which is given without 
time limit, liivcn so cl.iboiatc a test as the Kulilmann-Andeison 
system (6), which is disciiminalive fiom six ye.ns to matuiitv and 
whicli includes 39 nulcpemleiU units, docs not meet the needs of the 
clinic in examining the subject who is unable oi unwilling to woik 
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at his normal maximiitn speed ot the nervous subject who cannot do 
himself justice while being timed. 

The serviceability of the battciy is incicascd to a considerable 
extent by the time-linnt norms which have icccntly been developed; 
but the fact that the test can be used without a time limit still re¬ 
mains its most distinctive feature 

VII. Battery as a CAi.iiniAroR 

Considerable use has been made of the h.attery as n calibrator for 
tests which arc standardiicd inadequately if at all Subjects of 
various «'igcs ate grouped according to theii median ratings by the 
battery as if these ratings rcpicscntcd then /ictnal ages. Within 
each group of a given mental level as thus dctcimincd, the law scores 
achieved in some iinstandardizcd test aic ai ranged in ordci of rank 
and the median score is taken tcuutiscly as the equivalent of the 
median scoie at the coiicsponditig age level. Hy this nicthod it 
is possible to obtain a passably smooth cuivc from a inncli smaller 
number of eases than would be icquircd if the subjects were normal 
children grouped according to age. 

The results of one such study aie presented giaplucally m Figure 
1 (p. 51). Although the test used as a cahhintoi is a l.ingiiagc test 
having no time limit, the test calibrated by ii in tins inst.ince is a 
mechanical peifoimancc test scored by speed. I'lic subjects were 
state-hospital patients. 

The unexpected uniforintty of this curve is significant as showing 
the possibilities of coriclation between two tests ivliicii aic about as 
different as possible It would not be peimissiblc to accept the 
findings thus obtained as if they icpicbciltcd actual mnms, but the 
results of such calibiation aic useful as a check upon whatever 
crude norms may be avntlablc. The routine use of the battery 
for about 300 patients each yeai makes it a compaiativcly simple 
matter to collect data of tins nature for any test which offers fair 
promise of being w'oith standardizing foi hospital use This has 
been found a valuable and economical mclliod of pjcliminary 
standardization, and it is used legularly as a means of selecting 
tests which are to be standardized. 
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VIII. Summary 

The Kent-Shalcow written battery of seven units, thoroughly- 
revised, has been standaidized on a small scale both with and with¬ 
out time limits The time allowance foi each unit is two minutes. 
Aftei the subject has woilced two minutes -vvitli a lead pencil he is 
requested to finish the page with a red pencil and is permitted 
to make coirections in red. It is thus possible to obtain two scores 
for each unit The median rating may be derived fiom fourteen 
Independent latings, or there may be two median ratings, with and 
without time limits, each based upon seven units. 

The hatteiy is discriminative loi the ages nine to fouiteen, and for 
many subjects within this range it may be substituted foi a Stanford- 
Binet examination It is a comfoitable test foi geneial use in the 
clinic, being especially serviceable m examination of state-hospital 
patients who do not respond well to oial questions 
The battery is useful also as a calibiator of unstandardized tests, 
In an institution in whicli this system is used as a loutine measure 
it is possible to collect—almost as a by-pioduct—material which is 
valuable for pieUminary standaidization of new tests 
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DES TESTS tCRITS POUR LA CLINIQUE 
(R^tuinc) 

La batterie ^crite dc sepl parn« dc Kcn»-bhakow, trcs rivMc, n 
standaidiiee sur line petite echelle avcc cl sans linmcs tie tciiips Le 
temps permia pom clin<]uc panic cbt dc dcwx nnmnci Aprcs ipic !c siijit 
a travnille pendant deiij: mlnulcs au rrayon, on liu liciiiiiiulc ilc finir la pn^c 
en etnployant m cinyoii io«kc cl lui pcniKi At faire lies nirrciiifiin cn 
rouge II cat ainai possible d’oliiciiir dciix lisulia^ ptuir (li!H|uc panic 
On pent d^rivei le rang median dc ipialor/c rangs iiiiicpcnti.niiH nii il 
peut 6tre deux rnngs itiedians, avcc ct nans liinilcs dc icmps, iliacim liaqi 
aur sept r^siiltais 

La batterie est discriminative pour Ics ages iicnf A (iiiniorrc, ct pour 
pliisieiira aujeta entre ces ages on pent I’ciiiployer A la plain d'lin test 
Binct'Simnn Cost un bon test poui I’empicn Kcn^inl dans la Llini(|iic, 
^tant siirtout lUilo pour I’cxnmcii dcs ah^iics <|ui ne repiimlciit i>ns bicn niix 
questions ornles 

Cclte batterie cst auasl udic comme mitliodc d’cialunnngc tics tests non 
^talonn^s Dans tine institution ofi Ton cinploic cc s>siciiic rnininc mcsiire 
routiniire il cst possible dc rnmasscr—picMliic umiiiio ptmliiit ilc sccmid 
lieu—dc U inatiirc iiiii cst dc vnlcui pour rctaloniiagc prcliiiiinairc d’liii 
nouveau teat 

KrUT 


SCIlRinUCUE TrSTR FOU DIK KUNIK 
(Kcfcral) 

Die Kent'SliakoW'Unttcric von sielicii ICiiihcitcn, die gnindlidi uingcar' 
beitet wurde, ist m ciiuin klcincii M,i<tHtnl) nut und obiic ^ciigrcn/c nortnnl- 
isiert worden, Die fur jede Einlicit criniilitc Ztil liulr.igl /wui Miiiuicii. 
Naclulcm die Veisuclisperson nut eiiicm RliiMift gc-irliLilct hat, wird me 
aiifgcfordcrt, die Scile mit cinciii Rolstift fcrlig /u luaclieii iitul ihr crlaubl 
Korrekturen in Rot anbruigen (ii dcr Wchc wird cs miigliili /wei Aiigaben 
pro Einlieit in erlialten Die miUlcrc HciiiteduwK kaun aus II lui.ililuiugigcu 
Eeiirteiliingen nbgcleltct werdcii, odci cs iiiogcii /wci niiltlcrr Hrurleiluiigcii 
nut und olme Zcitbcgicniuiig sem, wovon jcdc avif su-beii I’uihtuitii berulu 
_Die Batterie Insst Umcrschcitliingen /» fiii das Alter von iictui bis 
vicr7clm Jahten, und fm vide Vcrsuchspcrsonen miicrbalU dvese^ Umf.i»gs 
kann sic die Stanfoid-Binet-Piiifting crscl/cn Ks ist cm aiigL'iu.liiiicr Test 
fur den allgemcinen Gcbraiich in Uci KUiuk und isl Ucsiimlurs worivoll bci 
dcr Prufung von Gcisteskrnnkcn, die atif niuiullalie Fiiigcn mchl gut 
reagie reti 

Die Batterie dient auch ala Kalibrator nicbt nnimalisierter Teste. 
In einer Anstalt, m wekhcr dieses System nls Rovohnbcusni.issigc rriiliing 
gebraiicht vvird, Ist cs moglicli, fast als Nchciipiodiikt Mnti-iinl /u sarnmeln, 
das fur die voclaufigc NoTraalisicrutig ncucr Teste ivertvuil ist 
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Introduction 

The purpose of this study is to compaie the ability of blind and 
sighted subjects m learning a new spatial adjustment in which the 
tactile cues are the dominant ones. Foi some time mazes of varying 
patteins have been used with animals and human beings. Most of the 
work with human subjects has been with the stylus maze Can’s 
(4) repoic of Koch's woik indicates that the stylus maze presents a 
moie difficult problem for the blind than for those with normal 
vision This was confiimcd m a later and moic compieliensivc study 
by Koch and Ufkess (U) 

The blind indubitably possess supeiionty in theii ability to use 
tactile, aucUtoiy, and piobably kmacsthetic cues tn guidance in certain 
situations It is, thciefore, gcnerallv assumed tliat the acuity of these 
sense-organs is coiiespondingly increased Seashoie (15) distin¬ 
guishes between sensitivity and ability to use a sense, i e, between 
inborn or innate sensoiy capacity and acquired sensory acuity or skills. 
Expel imental evidence seems to be about equally divided as to the 
supeiionty or non-supenonty of the tactile sensitivity of the blind 
The diveisity of findings may be attiibutcd to tlie lack of unifoimity 
in conditions undei which the vaiious experiments weie conducted 
In the deteimmation of tactile sensitivity, or tactile discrimination of 
space, the “two-point threshold” method has largely been used. 
Impoitant modifying factois hcie arc the kind of aesthesiometei 
used, the degiee of attention given, and the chance suggestions 


’'Recommended by Walter R Miles, accepted for publication by Carl 
Murcliwofl of the EdUoiial Board, and lecevved in the Editorial Office, May 
5, 1933 

[■The publication of tins manuscript has been made possible by a subsidy 
from the American Foiiiidntioi) for the Blind 

iTlie wutei is indebted to Di Helen Lois Koch, formerly of the Univei- 
sity of Texas, for suggesting the problem and proceduie, and to Di, Walter 
R Miles of Yale Umvcisiiy foi the ma/e used and foi other aid and 
encoiu tigtmenl in preparation of the inannsciipt 
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received Theic have been neither adciiuately contriillcfl iioi con¬ 
sidered in the conchisfons drawn fiom irianv of the experiments. 
Gnesbacli (6) gives an clahoiate .icuiunt of cailici woilc along this 
line, particularly that ot Czeiniak, G.irtiici, A fitein, .inrl Ulitlioft 
The fiist three indivhUialb mentioned found the hlnul to he snpenoi 
to tile sighted in tactile discimiination of space, ndiilc Uhtluift found 
no difference. Giiesbach’s experiment, however, pointed to the fact 
that tlieie was a dlftcieiicc, winch, though slight, pioved disadvim- 
tageous to the blind 

Experiments by Biiinell and StowcU rcpoitcd by Stiatton (16) 
seemed to show also that the blind were ilightly siipeiuii. Seashore 
(15) found that the thiesliold for the blind was ncithei lower noi 
higher than for the sighted, although the lattci vaiicd within the 
group more than the foimcr. This is one of the railii’i cvpciiincnt!) 
in which there was an attempt to equate the two ginups on the basis 
of intelligence; yet age as a factoi was neglected. 

Several otiici studies show icsiilts pciiintni to imi pioblcni. 
Stratton and Biown's (16) fimlmKi suppoit the cailici exprrnncnts 
of Czcimak, G.utncr, and Stowcll. Cair’s (3) cxpeiimentai woik 
with white latb con/iuned the findings ot Watson (20), Ihigaidiis 
and Henke (1), and Vincent (IS) that the white rat learns the 
standaid type of maze piiinaiily m tactual and kin.wsilietic leinus, 
control being gradually transfened fiom contact to kiniiesthesis, anil, 
when the response is pcifcctcd, the function is a kinacsthetic motor- 
coordination It is piobable, m fact it is cvuirnccd by VniLcnt’s 
woik, that visual, auditoiy, and oUacloiy cues aic used, but foi the 
white lat they seem less effectual than those of contact .iinl kinacs- 
thesis. Peirin (14), in his woik on the ma/'c Ic.iiniiig of hiim.in 
beings, concludes that their gcncinl handling of the situation was 
not outstandingly difteicnt fiom that of animals as described by 
Watson. He further states that, as in Watson's woik, llic cutaneous 
and kinacsthctic cues were of basic impoitancc And, lastly, foi tins 
brief review Knotts and Miles (10), using a liigh-relicf hngci maze 
as was used in this experiment, and also a stjlus maze of llie same 
. pattern, find that the fojraer type of maze is n less difficult pioldcm 
for both the blind and sighted subjects. They also find that the 
stylus maze is moie difficult for the sighted lli.in foi tlic blind, wliilc 
the finger maze is of about equal difliculty foi the two gioups, 
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Method 

In tins study the blind subjects were iiigh-scliool students fiom the 
Texas State School for the Blind located at Austin; their ages 
ranged fiom 13 to 25 yeais Results were obtained for a total of 59 
blind subjects, but only 30 weie successfully matched in intelligence 
and scholastic standing with sighted subjects. Latei in the discussion 
It seems feasible to use the entiie gioup of 59 blind when no com- 
paiisons are attempted with the sighted group, hence the terms 
“matched** and “total” blind gioups will be used 

The visual expeiieiice of these individuals varied widely, since 
admission to the school foi the blind is based on the definition of 
blindness as “inability to piogiess normally with seeing children m 
public schools.*' The inadequacy of this definition is obvious 
Many totally blind h.ave not been so from birth, most of the subjects 
were not totally blind. Of the last-named group visual efficiency is 
lepiesented m vaiying degiccs dcsciibed as “shadow vision” (ability 
to distinguish light fiom dark), dcsciibed by the oculist as liglit-per- 
ception, ability to distinguish objects m a lOom, iccognition of 
colors, ability to read headlines of a newspaper, ability to lead ordi¬ 
nary print for a short time; and othci dcgices of visual acuity. 
Visual experience, liowever imperfect oi limited as to time, seems 
materially to affect an individual’s mazc-Icarnmg ability since Kocli 
and Ufkess (11) found that those who had had visual experience 
moie neaily approached the sighted in success of response than did 
the totally blind Tabic 1 desciibes the blind subjects and their 
visual efficiency. They are arranged in descending oidci of degree 
of blindness, in some cases the degree is the same. 

The sighted subjects were selected tiom senioi high-school stu¬ 
dents An attempt w.is made to equate the two gioups on the basis 
of intelligence test scores and chi onological age. Table 2 gives the 
two gioups paiicd according to these two ciitciia. The findings of 
Waiden (19), Hunter (8), and Tolman (17) indicate that intelli¬ 
gence facilitates success in the maze-lcaining pioccss, while those of 
Hcion (7) indicate that individual ability and chance aie factors of 
about equal importance in this type of learning Also we must • 
considei intelligence since the same factors causing blindness may 
liave produced a mental deficiency 

The sighted subjects were selected fiom high-school classes m type- 
wiiting All students in the school for the blind are requiied to 
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TABLE I 


Trip iHiRTV Matched Bund Sudjici-» wuri Dk.kpp oi BttNONPsa and 
Dukaiion 1)1 SlMII 



Oculist’s 


Diiraiion of 
sight 

Sub¬ 

ject 

report* 

REV LEV 

Degree i>f hliiidlicss 

6 

0 

0 

total 

5 ni f) years 

7 

0 

0 

total 

18 iiioiuhs 

13 

LP 

0 

objects, CoUlFK 

liirtli 

15 

0 

LP 

loial, partial tii I2tli year 

12 sciits 

16 

0 

LP 

reads imni some 

6 months 

17 

0 

LP 

Ill'll! niid darkiiiss, colors 

3 VLiirs 

18 


0 

light and darkiuss; tells time 

2 years 

19 

0 

FI ft 

iight and darkness, lieailliiies 

hinh 

23 

LP 

LP 

large objeriH beineeii iiglit 

liinh 




and eye 


24 

LP 

LP 

light and darkness 

7 or 8 years 

26 

LP 

LP 

some light 

3 inoiulis 

27 

LP 

LP 

light 

1 jc’.ir 

28 

LP 

LP 

large punt 

2 inmiths 

29 

LP 

LP 

light and daikncss 

1 veils 

31 

LP 

LP 

objects, cttlois 

7 months 

32 

LP 

LP 

light and (laikiiess 

16 inoiiihs 

33 

LP 

LP 

objects, uilors 
pariial, culms 

birth 

34 

LP 

LP 

hiilh 

40 

Pi ft 

Fife 

light, uilors 

13 jenrs 

42 

F2ft, 

F2fe 

lends ordinary piini some 
rends piini (dislocated lens) 

l•lll}l 

44 

P2ft 

F3 ft 

birth 

46 

F6 ft 

F6ft 

rends punt sonic 

hinli 

47 

F6ft 

FlOft. 

(double dislociiiud lens) 

binh 

SI 

20/200 

10/200 

objects, recognizes people 

6 ycais 

53 

20/200 

20/200 

largo print 

hirth 

54 

20/200 

20/200 

leads print; giowmg woisc 

biUh 

55 

20/200 

20/200 

lends large print 

less than I year 

56 

18/50 

10/200 

(normal mud 5 years ago) 

11 years 

57 

20/50 

20/70 

partial; reads print 

hirih 

59 

20/200 

20/20 

rends hendlincs; albino 

binh 


•£? indicntes total blindness; LP indiLatcs the iiulivitliial lins niilj the 
ability to tell light fiom dark; P 6 in indicates ilit iiulivi(lii,il r.iii dis¬ 
tinguish or count fingcis at a dislnnre of <» inches fioni llie t)e Tlie ligiircs 
are in terms of Snellen's charl, cK, 20/200 indicates the .ihilitv to leiid the 
200-llne of this chart at a distiince of 20 feet; 20/20 ts normal vision 

study typewriting, beginninR in tlie last ycai of elcmcnt.uv stiiool 
It may be said that (hftcrciit amounts of pi.Ktue in will 

make foi difteicnt latcs of speed of symbolic lesponsc, .wul lli.tl those 
subjects of the lowci grades will be liandic.ippi'd since the fiisi-veai 
lugh-school, blind students, foi example, lud stndiod lypcwi iiitiK only 
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one yeai, those of the second veai two years, etc It is also true, 
howevei, that sighted individuals write longhand at different lates 




Mean 17 6 60 9 Mean 17 S 60 8 

Median 17 5 615 Median 17 615 

MD 12 7 MD 113 7 3 

SD 1 5 10 03 SD IS 9 7 
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the typewriter. The diicctions, {oi Kivinu and scoiiiip; the test were 
followed exactly except that a bell was tapped to stop the tj pcwi iting 
so that the subjects might hear the reading of tlic next question. 
The typing was stopped at the sound of the hell, then all shifted 
simultaneously to the next position and wrote the luunher of the next 
question and then awaited the reading of iliiit question, Tiie 
experimenter was aided by two nuuutois in toiitrolling this time 
factoi. That this test is a faiilv good measuic of tclauvo mental 
ability IS indicated by the fact that test lesults foi u total of 59 
sighted subjects gave a mean of 6'^ and a median of 63, and foi 59 
blind subjects a mean of 60 and a median of 61 I'lirtliei evidence 
IS given by the fact that for the blind suhjecta the coclficicnt of cone- 
lation IS 61±.07 between the lesidts of this u-st and avciage latings 
of the subjects by five tcacbcis who li.ivc taught in the school foi the 
blind 

The objection may be laised that the blind aic n ictarded gioup 
from an age-basis point of view, since tlicv often enloi school later, 
hence the sighted subjects will he a mentallv deficient gioup if 
selected on an ngc basis alone The paiiing of the two gioiips on 
the bases of ngc and intelligence test scoios will in a mcasnii* obviate 
this difficulty, 

The maze used was a high-rohef hngci-ma/c designed by Dr. 
Walter R. Miles. It was of tlic gcncial tvpc dewiihed by liini in an 
earlier aifciclc (13). The design of the riihed pattern was made of 
nickeled wire staples driven into a lacijucicd panel. 'Die pattern 
was that used by Kocli and Ufkcss (U). Tlic actual si/c of the 
maze was 12 x 12 inches and it had seven blinds, K.ich section was 
numbered consecutively, and the even nunihcis constituted the line 
path, hence the lecoidmg and interpretation of (lie path tiaced was 
simplified. 

The subject was seated comfoitablv at a nanow table with the 
coveicd maze before him, The prcliniinarv instnictions weic then 
given: “In this experiment you will Icam tlic foim of a laised pat¬ 
tern by passing your finger over it wliilc join eyes aic cnvcied with 
a comfortable blindfold.’’ The subject was tlicn hlindfoldeii in 
the manner described by Miles bv means of goggles M'ltli adliesive 
tape oil the inside of the lens. The goggles woio lined ufiesh ciicli 
time with absorbant papci in oidci to insuic blindfolding [uound the 
edges and foi sanitaiy piecaulion. 
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The hand that was not used in ttacing was placed at the lower 
conesponding corner of the panel to insure constant oilentation. 
For tracing the pattern the subject used the index finger of the hand 
with which he wrote. The finger was eithei flexed or extended as 
found most comfortable, and was applied to the maze at an angle 
of about 45 degrees, the othci fingers weie flexed as though pointing 
with the index finger The experimentei placed the subject's index 
finger on the “sample” section of the maze and, guiding the finger, 
instructed the subject thus 

This is the staiting-point, a single hump This is the finish¬ 
ing point at the end of the path, a double hump All the 
paths that make up pattern are juat of this width anti 
feel like tins, They are made of nickeled wiie staples driven 
into a lacqiieied panel This is a blind alley or a jump-off 
place and you feel how it comes to an end unconnected with 
any other path —Now we will make a trial on the pattern 
which yon aic going to learn Everyone requires several 
trials to leain hovr to go through the paths perfectly, that 
IS, without going into any of the blind alleys In our lesults 
accuracy is somewhat more important than speed 

The expeiimentcr recoided the actual tiacing of the path by the 
numbeis on the divisions and recorded time by means of a stop¬ 
watch The ciiteriort of learning was three consecutive correct 
tracings Other experimenters have used the same. Lashley's (12) 
findings indicate that prolonged training olfeis no advantages for 
icliability of results if the problem rs a statistical corapaiison of 
diffeicnt groups by a single standard of achievement He also found 
that thice correct runs represented about the limit of tiaining for 
white rats, baling his conclusions on a high positive coefficient of 
correlation between vaiiations in the numbei of tiials pieceding the 
fiist conect lun and variations in the number piecedmg six consecu¬ 
tive correct runs 

The experimenter further recorded the intiospective reactions 
of the subject as to the method of learning, i e, whether he learned 
the maze by giving lum&elf verbal directions, by building up a visual 
linage, 01 depended largely on kinaesthcsis as a cue in deteiminiiig 
the path tiaced The subject was also given a sheet of oidinaiy 
typewiiting papei and aslrod to draw the path he had tiaced, and 
was cncouiaged to use V hands In the piocess The attempt in 
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tins case wjis to get at spatial imagciy, spoci/it.illv to deteuninc 
wlietl^ei 01 not tlie individual rccogm/cd tlve goneial ilm-aum as 
repicsentcd by frcc-h.uul ciiivc*, 


Rlsul'is 

Tile data were analyzed by statistical mclhmls Icgiiiin.ilc foi the 
numbei of cases. Ccntial tendencies and vaiialnlilu's ate picscntod 
together with concl.itions conipiitcci by the rank-diffcicnLC method 
This method was vibcd smcc m each gump one luaikcd deviation 
tended to overshadow ccntial tendencies In the maiching of 
subjects chionologicai age was used in leinis of tin* neaiest yeai. 
It did not seem feasible to extend the matching to months since 
the exact date of birth of scvcial of the blind sliuleiUs ^\jis not 
known. The pairs of subject in cliMmological age loiielatcd 
.91 ±.02 and in intelligence test score, ,9HJ;,05. 

The maze-learning results in tcims of total tiuds, total eiuns, 
total time, and avci.igc tune aic given for boili the blind and the 
sighted gioups in Table 3 Tlic median chionologicai age foi the 
blind group is seen to be 17.5, as compared with 17 foi tbe sigliied 
group, and the means aic 17.6 and I7.‘>, icspectivelr'. I’lu' median 
test scores aie identically the same, while the means ilifTci by only 1 
Hence it seems that the two groups aic well matched so fai as the 
two criteria arc concerned .iiul the icsuUs of their m.i/e-leaimng 
activities should be comparable 

The learning of the maze pattern by the two gimips seems to be 
little difterentiated so far .is llic ciiteiia of leainmg emploi’ed aic 
concerned. The medians foi the hliiul gioup with leg.iul to total 
trials, total eirois, total time, .and avci.ige lime aie H, 12 21 15, 

and 22 5, as compared with 9, 12, 162 5, and 22 5 foi the siglucd 
group. The only significant diftcience is m total iinu, in mIiuIi 
the sighted gioup shows a decided supeiioiilv. 'I'lic meins foi the 
same criteiia of the blind group aie 9 9, 18 9, 248.9, and 20 7, .is 
compared with 10.4, 15.5, 245 6, ami 23 6 foi the sighted It is 
significant tliat the two means foi the total lime, 248 9 .md 24S6, 
foi the blind and sighted gioiips do not vaiv m.iikedir, while the 
medians of this criteiion of learning aie 2115 and 162 5, icspec- 
ticcly. If t!ie median ii u.c(\ as the baas of cuinp.iiisim the sighiul 
gioiip IS decidedly supenoi in this lespc-cl, but if ue use tin means 
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Mean 17 6 60 9 9 9 IS 9 2+8 9 26 7 17 5 60 8 10 + IS S 2+S 6 23 6 

Median 17 S 61 5 8 12 5 213 5 22 5 17 61 S 9 12 0 162 5 22 5 

MD 1 2 7 3 ZS 13 7 118 7 10 8 1 13 7.3 4 10 3 136 4 6 25 

SD 1 5 1003 3 3 21 2 121 6 107 15 97 5 7 53 119 6 44 

QD 1 5 7 3 7 138 3 7 5 7 S 3 48 56 5 4S 
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there appears to be little dilteicncc, altlioiiftli tlic sikIuciI make fewer 
errors and arc a little (luicker tlitin tlic blind 

It is possible that the m.ue pattcin wd pir',cmc\l Mi Uttle ditalty 
to most stibjccts as to be madequate as a kuniin; puihlcm If wc 
examine the data with icfciente to tiials to le.un, \vr. lind that the 
average is 9.9 foi the blind ami 10.4 for the sighted guuii), as com¬ 
pared with flusband’s (9) 16.7 m using .i nu^c pattern piesniting 
more possibilities of crior. This indu.iu* lli.it tins paiticiilar 

pattein is not too easy if the ciitciion of avciage lunnbci of tiials 
is accepted Knotts and Miles’s (10) findings witli iv higlt-iclicf 
maze of the same pattern as that used bj Husband were 49 and 38 
tiials to leain foi the blind and sighted guiups, res[)cctively. In 
the total niimbei of trials, the blind as a gioup .irc slightly .superior 
botli as to mean and medidn scoics. The ciroi suiic". slmw modi.'ins 
approximately the same for both gioiips, but tlic sighted gioiip has 
tile advantage of a slightly lower inc.in than tlie blinil gioup. 'I'hc 
difference amounts to 18 per cent. 

Analyzing the data from the staiidpoiiU of individual recoids, 
we /iiul little evidence of gioup diffeiciiccs 'I'lie best locoid, fiom 
the point of view of the ciitciia employed, is that of Subject No. 28j 
of the sighted gioup, who bad three tii.ds, no eiiois, and .i toi.il time 
of 120 seconds, with an avetage lime of 40 seconds. The explana¬ 
tion of no errois can piob.ibly be asciibed to ch.iiKc. 'Die best 
record from the time ciitciion is that of Subject No 57 of the blind 
group, Tins subject’s total time is 62 scanids, with an avoiagc time 
of 9 seconds; yet In's total trials and total ciroi*, ,iie ,ilso signifie.mtly 
low, being 7 and 9, icspectivcly. Considcilng indii idn.d cases from 
tile point of view of poor pciformaiiccs the hugest total lime lecoid, 
1264 seconds, is that of a sighted subject, No 23j, wlio also lias the 
largest average time record, 45 seconds, of the siglitcil gi<ni|). This 
individual shows a record of 28 trials and 40 ciioii. Mhicli is the sec¬ 
ond largest error score m this gioup, and is the largest tual score 
The individual score sliowing the largest numhci of cirois us that of 
Subject No 31 of the blind gioup, with 102, as coiiiiniicd witli a 
score of 63 for tlie sighted gioup. We see that total tunc as .i 
criterion places the pooicst scoic in the siglitcd gioiip. 'I'lie sighted 
group also has the poorest total trial scoie In gcner.il, it i^ seen 
than an analysis of individual iccoids givis svipeiioniy to the blind 
group so fai as good recoids arc coacciucd; it N uKo tiue iluit nioic 
poor iccouls aie found in the sighted gioup. 
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Coefficients of Correlation 

The correlations between chronological age, intelligence test scores, 
and the ciitcna of leaining the maze pattern are given in Tabic 4 


TABLE + 


Maze Scores Correlated wnn Ciironoiocical Age and with 
Intelliolnce Test Scores 


Intelligence 
test score 

Tunis Errois 

Total time 

Av time 


Lhnd subjects 



CA +30±,12 

Intelligence 

+ 08±12 —13±12 

—.07± 12 

— 24± 12 

test 9C01C 

—18±.12 —62±08 

— 49+.09 

+ 25± 12 

Tnnls 

+ 8I± 0+ 

+.78± 05 

+ 30+,U 

Eirojs 

Total time 

Sighted subjects 

+ 82±04 

4-41± 10 
■h 7S±0S 

CA +06±12 

Intelligence 

—12±12 —24±12 

—,30± 11 

+ 01± 12 

test scoi e 

— 30±11 —36+11 

— 39±10 

—.1I± 12 

Tnnls 

+.86±03 

+ 73+06 

— 24± 12 

Eriors 

Total time 


+ 71±06 

— 29± 11 
-h33+ll 


The correlations between trials and eiiors, tnals and time, and 
eiiois and time for both gioups aie high, ranging fiom .71± 06 to 
.86± 03 The concUtions between aveiage time and othei 
measuies of maze learning employed lange fiom —29± 11 to 
-)- 33± 11 foi the sighted group It would seem that average time 
is less significant as a measure of maze-lcaiinng ability than the other 
criteria emploveci 

The intelligence test score has a higher degree of relationship with 
mazc-leaining ability than does chionological age. The coefficients 
of correlation aie all negative foi both groups, langing from 
—.18±,12 to —^62±.08 foi the blind and from —30=t.ll to 
—.39± 10 foi the sighted gioup The negative coefficients in this 
case are to be interpreted as meaning that those with higher intelli¬ 
gence test score succeeded better in maze learning as indicated by a 
lowei score, Chionological age shows coefficients of coirclatioii of 
08± 12, —13± 12, and —07± 12 with total trials, total eiois, 
and total time, respectively, foi the blind gioup, as compaied with 
coefficients of — 12± 12, — 24± 12, and — 30± 11 foi the sighted 
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group. The latter gioup of coefTicicnts imlicates that the older 
succeed slightly beltei than tlie youngci The cocfliLients foi the 
blind group arc so small as to be negligible. Foi both gioups tlic 
coefficients aie sniallei than in tlic Ciisc of the intclligente test 
scoies. 

Comparing these results with those of Knotts and Miles (10), 
which they obtained using a more intiicate ni.i/e patlciii, we see 
that in both cases the coefficients of coiielation betivccn measiiies of 
intelligence and cnteiia of maze le.uning aie all ncg.itive foi both 
groups, though those for the blind repotted in this sludv aic mailccdly 
lower than those icportcd by Knotts and Miles, iii the case of the 
sighted the coefficients aic sliglitlr highei than Knotts and i\'Ziles 
liave found Chronological age in both studies shows a negative 
relationship with maze scoies foi the siglitcd group, with toefliciciUs 
of Knotts and Miles’s study somewhat higlioi In the latter study 
chionological age foi the blind gioup gives negative but low coeffi¬ 
cients with maze scoics, while those of this study aic also sigiuficantlv 
small and laiige fiom low positive to low negative 'The tiends 
seem to be tlic same in both studies in sjute of the dilfcicnce in si/e 
of tlie coefficients Wlicie the coeflicicnts aic negative in one case 
and positive in the othci tliev me small enough to be negligible in 
both instances. 


Rati of Li'Aiining 

The numbci of cirois in the fiist tiiul of tlic hliiul gioup is 
mailcedly gieater than that for the sighted gioup* 172 as comp.ucd 
with 12 The next gicatcst diffciciicc is that of the fifth tiial* 63 
as compaicd with 31 At the sixth tiial the two gioups aic .ipiuoxi- 
mately the same, and at the seventh the sighted gimip shows inoie 
errors* 15 as compared with 10. The ciglith and ninth tii.ils show 
the two groups approximately the same, and in the ncM thice class 
inteivals the blind gioup goes below that of the sighted No blind 
subject required more than 13 tiials for mastciing the maze, while 
one sighted subject requwed 25 tiials. In otbei wouls, it seems 
that in the beginning the blind subjects find the learning pioblom 
more difficult, but by the time the sixth tiial is leaclinl they 
appioximatc the success of the sighted, and hy the clevciuli tiial they 
surpass the sighted group. Thctc is some indication that the blind, 
when near the middle of the Icainmg, cxpctienced an emotional dis- 
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turbance due to a giowing feeling of failure which did not occur 
to such an extent in the sighted group 

Analysis of Difficulties 

Theie were veiy slight diffeiences between the two groups with 
refeiencc to ficquency to cntiancc into each cul-de-sac Nos 1, 7, 
and 11 leprcsent movement straight ahead, of which II gives the 
largest average numhei of eriors foi both blind and sighted. The 
second laigest numbei of entiances is into No 1. For both gioups 
alleys 1 and II are most difficult, allots 3 and 7 relatively easy, alleys 
5 and 9 lepicscnt neithei the easiest noi the most difficult In one 
aspect these lesults are identical with those of Knotts and Miles 
(10), the sighted gioup is consistently slightly supeuor in legaid to 
entrances mto the various culs-dc-sac, 

Relation of Visual Experibncb to Maze Learning 

In Older to determine the relationship, if any, between quality and 
quantity of visual experience and ability to master the finger maze, 
the entire blind gioup of 59 subjects arc presented m Table 5 
classified accoiditig to tliclr gross seeing ability, the length of visual 
e’tperience, and the oculist's sumitiation of then dcgiec of sight 
The length of visual expeiiencc and the description of their gioss 
seeing ability is expicssed in teims which the individuals themselves 
used in desciibing then experiences These individuals were then 
divided into foiii classes Class I, those who have had peifect vision 
one yea: oi moie, now have iinpcifect, Class II, those who have had 
perfect vision, but now aic blind, Class III, those who have had 
impel feet vision, but now aic blind; Class IV, those who have 
always had and now have imperfect vision This classification is 
given in Table 6 The maze lesults of these individuals aie also 
given in this table Within the classes the subjects aie aiianged 
m descending oidci accoiding to degiee of blindness The lesults 
of maze-learning cutena seem to substantiate the findings of othcis 
that in this type of pioblcm visual experience does aftect success of 
maze leaining In othci woids, those who have had pcifect vision 
and now aie blind, Class II, aie the most successful in the solution 
of the maze problem, these aie laigcly individuals who have lost 
tiicii vision thiougli accident oi disease A siimmaiy of Table 6 
given below shows this tendency moie cleaily 
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TABLE 5 [eoniinued) 

Sub- Oculist’s Report Description of degree of blindness Duration of blindness 
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Sub¬ 

Oculist’s Report 

ject 

REV 

LEV 

+1 

F 1 ft 

F 1 ft 

42 

F 2 ft 

F 2 ft 

45 

F 3 ft 

F 2 ft 

44 

F 2 ft 

F 3 ft 

45 

F 2 ft 

F 4 ft. 

^6 

F 6 ft 

F 6 ft. 

-7 

F 6 ft 

F 10 ft 

•iS 

LP 

10/200 

49 

F 6 JO , 

5/200 

50 

3/200 

T 1 ft 

51 

20/200 

10/200 

52 

20/200 

1 S/200 

53 

20/200 

20/200 

5+ 

20/200 

20/200 

55 

20 ■'200 

20/200 

56 

IS'50 

IQ/IOD 

5“ 

50'SO 

20^70 

5S 

IS'200 

lS/20 


59 


20/200 


20 ■'20 




CO 
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TABLE 5 {cOnbnued) 

Descrfpcioo of degree of blindness Duration of bhndness 


reads headlines in newspapers 
reads ordinary print; writes, very 
near-sighced 
sees colors, objects 
reads large print; dislocated lens 
reads large print 

reads print some 
double dislocated lens 
reads print, sees colors 
reads large print 

reads some 
reads print some 

reads ordmarj print, nerve atrophy 
secs objects, reads large print 
reads ordinary print 

reads large print 
reads print some 
reads print 
reads some 

reads newspaper headlines, motie 
caotions, etc 


since two months old 
congeniial 

congenital 

congenital 

scarred retina from measles at five 
}ears of age 

congenital optic nerve defect 
congenital 

since eleven }ears old 
blind at six months, only sight per¬ 
ception from SIX months to seten 
tears 

infection at six months 

since SIX months old 

through sixth grade in public school 

congenital 

gradualK worse since seven years 
old 

scarlet fever at Jess than one year 
public school foi SIX 
through fourth grade tn public school 
diphtheria at mo years, settled in 
eyes 

congenital, albino 
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"•Hlanks indicate that data in those columns wcic not availaljle foi that 
subject 
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TABLE 6 

Grouping or the Blind Sfudents According to Their Visual Experience 

Subject CA Test Trials Errois Total Average 

scoie time time 
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SUMMARY OF TABLE 
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third. The only exception m citliei case is that of the mean average 
time scoie of Classes III and IV, here we find Class III taking 
fouith rank and Class IV taking third place In the case of median 
trial scoie, Classes I and IV are identical. The consistency of these 
tendencies is quite significant in so far as relationship of quality of 
visual experience and maze success is concerned. 

An attempt has been made in Table 7 to repiesent maze learning 
in terms of the piesent degree of visual experience The entire blind 


TABLE 7 

The Blind Students Arranged According to Their Dbcree of Vision 


Subject 

CA 

Test 

score 

Oculist's 

leport 

REV LEV Trials 

Maze results 
Total 
Errors time 

Aver¬ 

age 

time 




Class 1—blind tn both 

eyes 




1 

21 

60 

0 

0 

11 

4 

144 

13 

2 

13 

48 

0 

0 

7 

10 

170 

7 

3 

17 


0 

0 

6 

6 

120 

20 

4- 

19 

70 

0 

0 

6 

7 

183 

31 

i 

20 

38 

0 

0 

2 

11 

350 

44 

6 

20 

70 

0 

0 

8 

21 

168 

21 

7 

16 

79 

0 

0 

6 

5 

131 

23 

Mean 

184 

60 9 



74 

9.1 

180 9 

22 7 

Median 

19 

65 



7 

7 

168 

21 

Class //- 

-blind 

in one eye, 

Uffht perception 

tu the 

other eye 


S 

21 

60 

LP 

0 

11 

4 

144 

13 

9 

25 

— 

LP 

0 

12 

19 

227 

19 

10 

21 

— 

LP 

0 

10 

12 

142 

14 

n 

15 

50 

LP 

0 

19 

31 

469 

25 

12 

16 

— 

LP 

0 

6 

7 

138 

23 

13 

23 

60 

LP 

0 

7 

7 

151 

22 

14 

17 

72 

LP 

0 

6 

7 

63 

11 

15 

IS 

61 

0 

LP 

8 

7 

294 

37 

16 

17 

91 

0 

LP 

9 

13 

326 

36 

17 

16 

56 

0 

LP 

5 

3 

87 

17 

Mean 

18 9 

641 



93 

10 9 

206 1 

21 7 

Median 

175 

60 



8 5 

7 

147 5 

20 5 

Class III—blind in one eye, /not 

e than light perception 

tn the other eye 

n 

17 

71 

F6in 

0 

6 

9 

131 

22 

10 

16 

59 

0 

F Ift 

8 

37 

262 

23 

20 

25 


6/200 

0 

9 

15 

632 

70 

21 

16 

45 

0 

6/200 

6 

6 

97 

16 

22 

22 


4/20 

0 

12 

22 

205 

17 

Mean 

18,8 

58 3 



82 

17 8 

265 4 

29 6 

Median 

17 

59 
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IS 

205 

22 
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TABLE 7 {conlinued) 


Subject 

CA 

Test 

scoie 

Ocuhst’s 

rcpoit 

REV LEV 

Tiials 

Maze 

Eirois 

results 

Total 

time 

Aver¬ 

age 

time 

57 

17 

67 

20/50 

20/70 

7 

9 

62 

9 

58 

20 

63 

20/200 

18/20 

+ 

4 

123 

21 

59 

20 

62 

20/200 

20/20 

8 

11 

125 

16 

Mean 

IS 

58 9 



7 7 

12 7 

226 7 

26 9 

Median 

18 

60 



7 

11 

166 

22 


SUMMARY OF TABLE 7 

The Blind Students Arranged According to Their DECREr of Vision 


No of 
subjects 

CA 

Test 

scoie 

Trials 

Biiors 

Total 

time 

Average 

time 

Class I 

7 







Mean 


184 

60 9 

74 

91 

180 9 

22 7 

Median 


19 

65 

7 

7 

16S 

21 

Class II 

10 







Mean 


18 9 

641 

9 3 

10 9 

206 1 

21 7 

Median 


175 

60 

85 

7 

147 5 

20 5 

Class III 

5 







Mean 


18 8 

S8 3 

82 

17 8 

265.4 

29 6 

Median 


17 

59 

8 

15 

205 

22 

Class IV 

12 







Mean 


17 I 

60 

11 

31 

323 

284 

Median 


16 5 

62 

11 5 

19 5 

287 

29 

Class V 

2 







Mean 


20 5 

— 

12 

13 5 

180.5 

155 

Class VI 

I] 







Mean 


19 1 

52 6 

10 5 

23 7 

256 1 

24 3 

Median 


19 

53 5 

8 

9 

177 

21 

Class YII 

1 









23 

60 

7 

7 

145 

20 1 

Class VIII 

2 







Mean 


21 

51 

8 

9 

245 5 

24 5 

Class IX 

9 







Mean 


18 

58 9 

77 

127 

226 7 

26 9 

Median 


18 

60 

7 

11 

166 

22 

group has 

been divided 

mto the following 

nine 

clas-^es • I, 

blind m 


both eyes, II, blind m one eye, light peiception in the otlici, III, 


blind in one eye, more than light peiception m the othei, IV, light 
perception in both eyes, V, fingei perception in one eye, light pei¬ 
ception in the other, VI, fingei perception m both eves, VII, light 
peiception in one eye, more than light peiception m the otliei, VIII, 
fingei peiception in one eve, more than finger peiception in the otliei, 
IX, moie tlian finger peiception m both eyes Within these gioups 
the subjects have been aiianged m descending oider according to 
dcgiee of blindness, piovided there is a difiFetence, in Classes I, II, 
and IV there is no possibility for ariangement within the class. 
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Classes VI and IX include the most successful Icarnon, Subjects 
42 and 58, respectively, with four trials each, Class VI also con¬ 
tains the individual, Subject 41, with the largest tiial scoic, 32. 
The least number of enors is that of Subject 17 in Class II, while 
the largest number is that of Subject 37 of Class VI. The longest 
total time record, 935 seconds, is that of Subject 41 m Class VI, the 
shoitest, 62 and 63, are those of Subjects 14 ainl 57 of Classes II and 
IXj respectively 

Thus It seems tliat the present degicc of vision is of much less 
impoitance, so far as niazc-leanmig ability is concerned, than the 
amount or duration of visual cvpcncncc. And botli these analyses 
tend to confirm the findings of Koch and Ufkcss (11) and Knotts 
and Miles (10) that the extent and duiation of blindness constitute 
an important factor in successful maze learning. 


1 ABLE 8 

Methods or Lbarkiho of the MArciii!i) Bund and .SHaiiHo CiRnurs Com¬ 
pared WITH THE CkIII'KIA 01 MaZF SucCI SS 


Method No 


Verbal 14 

Mena 
Median 

Visual S 

Mean 
Median 

Kmaesthetic 1 

Mean 
Median 

Verbal-visual 9 

Mean 
Median 

Verbal 14 

Mean 
Median 

Visual 8 

Mean 
Median 

Kinaeslhctic 4 

Mean 
Median 

Verbal-visual 3 

Mean 
Median 


TiiaIh Iviiors 


77 

9 1 

8 

9 

13 8 

41 8 

12 

29 

12 

13 

89 

17.9 

8 

14 

Sighted 


9.9 

147 

9 

12 

85 

1£ 

85 

19 

t9 

24 5 

20 

25.5 

73 

7.3 

6 

6 


'I ulal 

time Av lime 


176 t 

22.9 

132 

21 

389 

30 4 

282 

22 

402 

33 

239 1 

26 6 

219 

29 

21U 

22 5 

179 

22 

181 

2tS 

153.5 

21 

522 5 

25 5 

319.5 

22 

184 

25 

188 

24 
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Methods of Learning 

The records of the maze learning of both groups include an intro¬ 
spective report as to how the subject learned the maze, i e., as to 
whether his learning was largely verbal, visual, kinaesthetic, or a 
combination of any of these. Verbal learning is here characterized 
as that in whicli the individual gives himself directions, counts, etc, 
either aloud or silently} visual learning is that in which the individual 
fojms a mental picture or visualizes the maze pattern, kmaesthetic 
IS used to desciibe learning in wliich the subject said that he had a 
certain muscular "feeling" when he reached the place to turn. 

Table 8 gives the compaiative results for the matched blind and 
sighted groups, and Table 9 piesents tho^ for the total blind and 
sighted gioups It is seen that almost half of each group In each 
case used the vcibal method Theic is evidence in the case of each 


TABLE 9 

Methods of Learning of the Total Blind and Sichtid Groups Compared 
WITH THB Criteria op Maze Success 


Method 

No 

Trials Errors 

Total 

time 

Av time 

Verbal 

Mean 

26 

Dhml 

15.4 

16 

229 6 

24 3 

Median 


7 

9.5 

156 5 

22 

Visual 

Mean 

14 

9 

23 

257 

26 

Median 


S 

9 

196 5 

28 5 

KinnestUctic 

Mean 

S 

]] 5 

10.9 

190 5 

16 8 

Median 


11 5 

12 5 

216 

20 5 

Veibal-visiial 

Mean 

U 

95 

16 5 

244 5 

25 7 

Median 


8 

13 

219 

23 

Verbal 

Mean 

21 

Sighted 

9 

1+3 

212 8 

25 + 

Median 


8 

11 

176 

23 

Visual 

Mean 

9 

81 

1+8 

184 3 

2+7 

Median 


8 

10 

149 

25 

Kmaesthetic 

Mean 

4 

19 

2+5 

522 2 

25 5 

Median 


20 

18 

320 

22 

Vcibal-visiial 

Mean 

5 

72 

10 + 

177 

2+8 

Median 


6 

a 

188 

2+ 
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ciitciia of maze learninR of tlip suppilontv of ihf verbal ovci the 
othei methods of leaiiiiim, extept pciliaps that a comlmiation of 
verbal and visual is veiy successful 

A fintlici check-up on the IcaiiiuiK of the iiulividvi.il >\ms aftorded 
by the chawing of the twic path of tlic iiw/e tnuuedi.aeLy after 
learning, while yet blindfolded. Of ihe total gimip of the hliiid, 15 
failed to diaw squme coiners oi light angles, they (hew the tivie 
path as a continuous cinvc. Of this niimliei <inlv one li.id had visual 
experience of as much ns one vc.n ; the gre.itest degue of vision 
icprcsentcd in this gioup was that tif Subject 19' RI'.V I foot ,uid 
LEV 2 feet Two of the total gioup of the sighted foi uhom wc 
have mazc-lcaining restdtii faded to di.iw iighl-.ingle tunis, The 
method of learning of the two sighted subjects sv.is visual and 
kinaesthetic, icspcccivclv. The rcuiitl of the first is supciioi fiom 
the point of view of all ciilciia, that of the oihei gives the longcit 
total time foi Icaintng of any mcmbci of cithct gioup, .tiul ihc second 
laigest numbci of lioth ciiors and tiiaK It wmdd seem that dtgice 
of bliiulness and amount of visual cxpciicnce drtemnne, to some 
extent at least, the concept of the maze ilciived fiom limited tactual 
cxpciicticc 


Summary 

1 Fifty-nine blind MibjccN wcic usctl m ohtaimng ilat.i on maze 
learning and they wcic given the Clupnwii mtidhgence test 

2. Two matched gioups one of 30 blind (selected fiom the S9) 
and the other of 30 sighted subjects, wcie studied 'flic gioiips weie 
matched on the bases of cliionological age and intelligence test scoies 
The data for age, intelligence, and visual expciierce .iie given 

3 The means and medians of the ma/c ciiteii.i foi the two 
matched gioups vary little except in legaid l<i total time, the median 
gives the supcnority to tlic sighted gioup. 

4. The cijor ciiteiion diftcicntiatcs between llie two gioiJ|)s inoic 
markedly than does the tiial cntciion foi both mean .mil median , the 
median total time cntciion also diffcicnliatcb the gimips, 

5 The sighted gioup has the widci lange of peifoimaiice in le- 
gard to the total time criterion, It included the pooiesi lecoid found 
and the best lecord found 
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6 The intercorrelations of the scores foi trials, errors, and time 
show coefficients ranging fiom 71 to 86 and appeal equallj' high 
foi both groups 

7 Intelligence, as measuicd by the Chapman test, conclates with 
success in maze learning; it shows a highci degiee of relationship 
with maze success than does chionological age 

8 In the first tiials the blind learned moie slowly than the 
sighted, but near the end more rapidly. 

9 The degiee of difficulty foi the various blind alleys seemed to 
be closely the sanne for both groups 

10 Past visual experience was found to influence success in maze 
learning more than does the present degree of sight 

11 Those who have had peifect vision for at least a yeai seem 
to be tile most successful in learning the maze 

12. Theie is evidence in the case of each criteiia of maze learning 
foi the supeiiontv of the veibal ovci the othei methods of leainiiig, 
except perhaps when a combination of veibal-visual is used 

13 Of the total blind group 15 failed to diaw square corners 
m reproducing the maze Only one of this number had had visual 
expeiience of as much as> one year, the greatest degree of vision 
leprcsented in this gioup of 15 was that designated as fingei pcicep- 
tion 

14. Two sighted subjects failed to diaw squaie coineis, one of 
these presented the poorest rccoid of any subject in either gioup, 
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UNE tTUDE COMPARATIVE Dli L’APPRENTISSAGIi DKS LAUY- 
RINTIIES DIGITAUX PAR LIS SUJE’lS AVh UGI.ES 
ET NON AVEUGLI-S 

(Risume) 

Cette 6tude est unc comparaison dc la capacitd i ni»prcndrc chc/ Ics sujets 
aveuglea et non aveugles dans tin problimc on Ics cnbt'i tn< tiles soiit domi¬ 
nants. L'oiitil a ct6 un labyrinlhe digital dc haul iclicf de l.i foiiiic dc pnr- 
covirs employ6c antdrieuiement pni Koch et Ufkens D'entre iin total tk 59 
sujets aveugles dtucHis d.ins ce Inbyrinthe on a clioisi un ginupc de 30 
aveugles et ces sujets ont ct6 compares [\ 30 siijeia non nveugloH cn tonnes 
de 1 age chionologl<|uc et dcs risultais den tests d’inttlllgcncc (C'linpnian) 
Les mtcrcorr61atiors des rcsultnts pour Ics ipreuves, Ics errciiis el les 
durees montrent dca coeniciciits qui vaiient dc 0,71 h (1,86 et scinbIctU 
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^galemcnt elevees pour les deux groupes Dftus leg premieies dpieiivcs lea 
aveugles ont nppiis plus Icntcment que leg non ovcuglcs rnnia plus rnpide- 
ment dans les detniejea et le ilegre de dsfficulld dcs paicours a sernbl6 }i 
peu prSa le meme pour lea deux grouped Dans leg dpieiives moyctmes ou 
rn^dinncs pour appicndte tea aveiigles ont £ie un pen supcnciirg aux non 
avcuglcs et comme gioupe tis ont montie unc cxMition plus liomogcnc que 
les non aveiigles 

On a constate que rcxpdiiencc vjsiiclle antdrteiire influe aiir le sucefig dans 
I’apprentigsage d’lm labyrlnilie; ceux qiii avaient prealablement join d’une 
bonne vision pendant une nnn^e dti moms out scmble les nveugles qui ont 
le plus idussi ^ aprendre Ic labyiinthc La sup^riontc de In rnethodc ver- 
bale aux auties indthodes s’est montide Le labynnthe s’est compose de 
tournanta h coins caiids, cepcnilant IS areugles compards ^ 2 non aveugics 
n'ont paa mis Ics coma caries cn rcproduisant Ic labynnthe de memoirc. 

Duncan 


EINE VERGLEICHENDE UNTERSUCHUNG tJEBER DAS ERLERNEN 
EINES FINGERLADYRINTHS DURCII BLINDE UND 
SEHENDE VERSUCIISPERSONEN 

(Rcfcrat) 

Dicsc Untersiicliung ist ein Vcrgleich dcr Lernfnhigkeit blinder und 
aehender Versuchaperaonen nut Bezug auf ein Pioblem, wobei die Taat- 
merkmale dominicrtcn. Das Instrument war em Hochrelieffingerlnbyiinth 
eines Pfndmiisters (path-pattern), wie es fniher von Koch und Ufkeas 
gcbraucht wurdc. Von inagcsamt neummdfunfzig Versuchapersontn, die 
mlt Hinsiclit auf dieses Labyrinth atiidicit wurden, wurde cine Gruppe 
von 30 blindcn cusgcwnhlt, und dicsc Veisuchspersoncii wurden mit 30 
schenden Vcisuchspcisonen nach cbronologischcm Alter und den Angabcn 
einea Intclligenztests (Chapmnn) gepaart Die Interkorrclationcn dcr 
Angabcn fur Vcrsuchc, Feliler und Zcit weiscn Koeflizicnten vom Qetrag 
0,71 bis zu 0,86 auf unef scheipeu fur bcidc Gruppeu gleich hocli zu sein 
In EratveisvicUcn Ivrnten die Blindcn Inngsamer als die Schendsn, nbei 
gegen das Endc schneller, und dcr Schwicrigkcitsgrnd dd Wege sclncii 
nahozu dersclbc zu sem fur beide Oruppen Bei mittleren (mean or 
median) Lcinversuclien waicn die Blmden den Sehenden ein ivenig ulier- 
logen, unci alg Giuppe war ihie Leisumg homogetiet als die dcr Sehenden, 
Seheifahriing m dcr Vcrangenheit bceinflusst den Leinerfolg im Laby¬ 
rinth, diejenigen Blmden, die sich fruher wcnigstcn cm Jahr lang giiter 
Schfahigkeit eifreuten waren am eifolgrcichstcn im Labyrinth 
Es wuide erne tibcilcgenheit der verbalcn ubei nndere Lcrnmeihoden 
nachgewiesen Das Labyrinth bestand aus lechtwinkligen Wediingen, aber 
15 Blinde und 2 Sehendc tiugen beim Tcrsuch, das Labyrinth aiis dem 
Gcdachtnis zu rcproduzieren, fceine lechtwinkligcn Eckeii ein. 


Duncan 



THE EFFECTS OF REPEATED AUDITORY STIMULA¬ 
TION UPON THE GENERAL AC'riVITY OF 
NEWBORN INFAN'I'S* ^ 

Ihom the Deparlmenf 0 / Psychology of Ohio Slate Umvcruiy 


Karl C. Pratt 


Introduction 

The history of neonate study icvcals that the denionstiation of 
sensitivity or lack of sensitivity has been tlic priiaipal pioblcni of 
most investigations in the auditoiy field. A great variability among 
infants and divcts ciitcila of auditory sensitivity have contributed 
to this uncertainty At the present time, however, the evidence of 
auditory sensitivity duiing the fiist few days is (|uiic conclusive, 
although newborn infants vary in the dcgiec to which they aic sen¬ 
sitive “ 

It has not yet been dctci mined cxpciiment.illy whelhei incchanwns 
exist at this age period which would make possible differential re¬ 
sponses to the three chaiacleiistics of the amhtoiv sUinulus fre¬ 
quency, intensity, and puiity. Most iiivcstigatois agiee, however, 
that the incidence of obseivablc icsponscs is gieatest to Ingh-pitcbcd 
sounds. The frccpicncy, as well as the extent and ainiilitiuh* of the 
responses, bears a diicct relation to the intensity of the stimulus, 
but this relation has not been systematically mvcstigateil Objective 
measurement of the movements of iiewhoin inf.ints to auditoiy 
stimuli has been made (15), but the stimul.iling devices used did 

♦Accepted for piiblicnlion by Carl Murchison of llit rdilnnal Poaid 
and received in ihe Editorial Oflicc, April 3, 1V33 

The material of this paper was, in pnit, presented before Scclioii I of the 
American Association for the Advancement of Science, Dcienilici, 1932, 111 
Atlantic City The investi{rntion was undertaken .iiul completed at Ohio 
State University in 1930-31 while the writer was a I'ellow of the Niilional 
Research Council It is his destic at this lime to ackiuiwIcdHc indeluediiess 
to the Council, to the late Dt A P Weiss, who served .is liis dirccioi, to the 
Graduate Scliool, to Dr Andrews Rogcis and the Uiiiversitv Hospital, to 
the Depaitmcnt of Psychology, to Mr I, L H.iinpion, ilie l.iboiatoiy tedi- 
nician, to Mr Charles Ihi, who acted as assistant, niul lo nil oilier iiuli- 
vidnals who aided In tn.'iking the work possible, 

_ ^Evidence dealing with auditoiy scnsitisity and some of the fiidors iiink- 
ing for relative inacnsliivity me presented in Ihe chaplet on "’riio Nconiiic” 
in /I Ilandhook of Child Psychology, 2iid cd , rev (14) 
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not provide for the control and separate vacation of the auditory 
characteiistics. When control of the stimulus has been effected (4) 
the frequency of icsponse and its “pleasantness” oi “unpleasant¬ 
ness” have received only qualitative observation 

The most conspicuous pattern of response to auditoiy stimulation 
has been variously designated as the “fear" {Scheck) reaction 
(16), the “primacy emotion of fear” (17), the “shock” reaction (7), 
and as essentially the Moro l}7nklammemiig reflex (11). The pat- 
tcin of response comprises an extension and abduction of the ex- 
tiemities followed by a return through adduction and flexion to the 
usual postures. As the extremities extend, the digits extend with 
signe d’hentail (fanning), the movements of arms and fingers often 
being slow and charactenzed by atlietosic peculiarities. Accompany¬ 
ing this, there is a jeilc or stait of the entire body, which is in part 
due to tile vigorous extendon of the extiemities and in part to the 
inneivation of the musculature of the tiunk. Associated with this 
complex theie are cochlear-palpebral leflexes, involving a blinking 
if the eyes aie open, or a fuithcr tightening of the lids if they aie 
closed. Implicit responses occur in respiration and circulation, but 
are of short duiation, sinailar in that respect to the explicit re¬ 
sponses 

If the stimuli aie intense they may be followed by awakening from 
sleep and by crying. 

The Moio component piesents all degrees of activity, ranging 
from the involvement of all die extremities and trunk musculature 
to a response involving toe or finger movements accompanied by the 
cochlear-palpebral leftex This variability is a cliaracteiistic of 
different infants The leduction m the extent and vigor of the 
response also depends upon the previous sUmulatiiig conditions, and 
especially upon the inteival between stunuli. 

The responses just desciibed depend upon a lelatively quiescent 
organism. If the same auditoiy stimuli aie piesented while other 
activity is in pi ogress, either theie aie no visible effects oi the effects 
aie inliibitory in chaiacter 

A systematic investigation of the effects of continuous auditory 
stimulation has yet to be undcitakcn Most investigators find 
evidence of inhibitory effects if the stimuli aie of long duration (as 
in musical sounds) If these stimuli arc of short duiation (as in 
noises) die effects aie excitatory When Haller (4), studying 
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older infants, employed contiollcd continuous stimulation of 10 
seconds’ duration the responses started at the onset of the stimulus 
and began to disappear before the stiiiuilm tcasc<l. 

Beyond noting the decline m cflcctivciicss of a repe.ited .uuhtoiy 
stimulus, the litciatuic seems ncithei to iiulicalc the c\tent of 
that decline noi its leiation to the interval of sepaiatton hetween 
stimuli. Supcificial observation of Cancstrim's (2) uiives of icspii.i- 
tion and of biaiii volume at the fontanclle, as as Peiper's (9) 
study of the "fear** reaction /// itleio, denioiistr.ites th.il a decline 
does occur To Pciper and Cancstrmi this is cvulciicc of iiiliibitioii 
rathei than of fatigue or adaptation. 

'Pill- PRoni 1 M 

The puiposcs of this rcscaicli were: (1) to obtain objective, 
quantitative measures of the cficcu of icpcatcd amlitoiv stimuli 
upon the activity of newborn infants; (2) to discovci whelliei the 
effects arc specific oi gencial, or both of these; (3) to detciminc 
the iclatlon of total activity to the numbei of stimuli pn unit tune, 
(4) to asccitain the cftccts of fatigue, adaptation, oi mhilmion upon 
activity; (5) to test the cflcuivcncss of elecliicii! counteis in ic- 
cording activity as coinpaicd witli gtapliic iccoiils showing not only 
frequency but also maffiiitude and fiine iclations of the icsponscs. 

AppARAa us 

Rcstiiction and paitial contiol of tiic cnviionment piovuled hy 
tlie movable expeiimcntal cabinet^ which hmiscs the iheimosliilic.illj 
controlled heating unit, the stabilimctci (a padded plalfoim icstmg 
upon rollei-bearings and held in the position of (‘(luilibnum by 
springs), and vaiious stimuKiting ilcviccs. 'I'lit* child rc‘<t'. upon tlie 
stabilinietei which moves when tlie infant moves eilliei as a whole 
or in some major segment. 

As the movements of the child in tlie two dimensions (liead-fuot 
and right-left) distuib the cqudibimm position of the st.ihilimetcr, 
these movements arc transmitted thiougli a system of levels to the 
recording pens of a Reiisbaw-Wciss jiulygiaph, winch, Ingethei with 

^®For complete description and dlnumms of thin apimHmis aiul the sia- 
bilimcter-polygrtiph unit a previously publnlicil work (15) iii.iy be con¬ 
sulted. 
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the vanous contiols, is mounted on the exiettoi of the e\peiimental 
cabinet 

This polygrnpli tape graphically and permanently recoided all 
aspects (time lelations^ frequency, and magnitude) of activity, and 
electrical contacts on the polygiaph-pen bars provided that a ciicuit 
through a given electiical counter be completed with an excuision of 
2,5-3 mm from the base or equilibrium line. This recoided part 
of the fiequency aspect of the stabilimetcr oscillations * The bank 
of electrical counters was so housed and mounted as to eliminate 
auditoiy stimuli 

Auditoiy stimuli were produced by mounting a cylindrical tin 
can, appioximately 7 inches in length and 5 inches in diameter, in 
such a manner that activation of an electiomagnet caused a plunger 
to stiike against the bottom of the can Stimuli from such a source, 
while of moderate intensity, liad pievioiisly been found effective in 
releasing responses. An auditoiy stimulus thus produced was for 
practical pui poses constant and was of shoit duration, since it was 
quickly clamped. The device was placed about one foot fiom the 
infant's head m the median axis of the body With the closing of 
one of the contiol switches, auditory stimuli would be piovided auto¬ 
matically at intervals of 10, 30, or 60 seconds as desired, the timing 
for this and for the signal pens of the polygraph being accomplished 
thiough an interval timer operated by the synchronous motoi The 
lattci opeiated on A C. cuiient, and the signai-pen magnets, electrical 
countcis, and stimulating apparatus were operated on an ordinary 
Ford storage batteiy which was kept charging dunng experimenta¬ 
tion so as to pi event an appreciable decline in efficiency. Since the 
magnets of the various devices were not of unifoim lesistance, it 
was found necessaiy to balance the system thiough iheostats. 

Technique 

The individualized treatment of each child with respect to hy¬ 
gienic precautions previously determined (15) in conjunction with 
the hospital autljoiities was again employed Formerly, sleeveless 

The use of one electrical counter to record oscillations foi both of the 
stabilimetcr dimensions not only restiicted the number of osciltadona re¬ 
corded, according to size, but made it possible to record only one component 
.Tt a given time, thus, if, while movement in the head-foot dimension was 
taking place, a simultaneous movement in the right-left dimension occurred, 
It would not be recoided 
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gowns hfid not been part of the child’s regulation dicss. It was 
decided that since the mvcstigatlnii was coiKcrucd with lelativc 
rather than absolute measincs of activity .iiul since a sleeveless 
gown restiicts only the eMcnt of the exuirsion of the iippei cm* 
tremitics, it would be piefeiahle not to stimulate the inf.uit to the 
extent of icmoviiig this aiticlc of clothuit; 

Infants were selected acconlinB to nui-,iTy conditions and the 
state of activity of the baby. A child crying contimiously in ly?/ 
would not be selected rluiing that p.nticiilai itciioil of cxpciinwnta- 
tion SimiiaiJy, a child developing continuous civing dining the 
expeiirtient.il investigation would he leluineil to the nursery 

The entire experimental pioccduic fui each infant iiicliulcd the 
following three periods: 

1. Fust, an adaptation peiiod of two minutes when the child svas 
placed on the stabilinieter in the expciimcnt.il c.ihinct, .i pciiod de¬ 
signed to exclude from considciation .my exclt.itoiy iflects due to 
the tifUisfcr fioin bassinet to cabinet. 

2. Then, accoidiug to the schedule aiiangcd foi the diiy, eithci 
a control period (CP) oi an cxpciiinciu.il peiiod (KP) piopcr, 
die contiol pciiod being a 10-iuimitc jicriod dining winch the 
activity was automatically lecoidci! on the polvgi.ipli lajic, the ex- 
peiimental period proiwi a lO-inimitc penod duiing w'hich .uulitory 
stimuli were given cvciy 10, 10, oi 60 scionils accoidiiig to the 
schodulcd program, the activity heiiig rccortlcil .is bc/oio, 

3. Lastly, if the second penod ivas .i contiol penod, the thud 
became an experimental penod, and vice vcisa 

In addition to the polygraph lotord of .ill phases of activity, one 
electrical counter was utilised in iccoulinn the fieipiencv of oscil¬ 
lations dunng the adaptation period, anothci dining the contiol 
period, and one during the experimental penod 

Ri-sults 

In other studies (12, 13, 15) the geneial activity of a pciiod was 
expressed in terms of (i/T) 100, whetc / is tlie imw the infant is 
moving and T is the total time of the penod 'I'liis n ,i saUsf.iLtoiy 
index when used in the sludv of activity at dillnciu .igcs ,iiul uiidi'i 
diltcicnt pliysiological coiulilions. It is mU, liinvrvn, siiOliK'nlly 
piccise to equate the effects of specific stinuil.ition, eiihii in gciieial 
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01 in particular aspects The numbei of stabihmeter oscillations 
(5) is much more suitable for the piescnt study 

This index, i e., the numbci of oscillations, makes it possible to 
compare number of oscillations per unit time in a contiol period 
with the numbei per unit tune in an cxpciimental peiiod duiing 
which auditoiy stimuli occur at specified intervals It also enables 
determination of the numbei of oscillations per stimulation, thus 
tluowing light upon the ichTtion of activity to the lengtli of interval 
sepal ating stimuli and upon the relation of activity to successive 
icpctitions. 

Furtheimoie, study of the amplitude of the oscillations should fui- 
nish infoimation regarding the effects of lepeated stimulation. 

This leseaich was not undeitaken foi noimative purposes, acid the 
values for activity in control peiiods must not be consideicd as neces¬ 
sarily typical of a similai selection made upon a sinulai basis The 
activity values peitaming to such periods aic lathci to be considered 
in their relation to the expeiimental periods that just preceded or 
followed the corresponding activity peiiods. The possibilities of 
diffeiing physiological states are so nuincious that comparison of 
activity expeliinentally aioused with so-called "spontaneous'* activity 
would otherwise be impossible It should be lealizcd that studies 
of infant beliavioi have scarcely progicssed beyond a statistical treat¬ 
ment of fiequencyj which, although quite variable itself, is less so 
than a quantitative raeasuie of the leaction itself The exceptions 
to statistical studies of frequency of response alone arc those dealing 
with reaction-timcs, as, foi example, Peipci’s (10) woik Befoie 
gieater reliability of quantitative measuics of activity can be attained, 
it will be necessary to devise moie analytical and piecise means of 
difteientiating physiological conditions so that a selection may pre¬ 
sent greater unifoimity m these icspects 

An examination of the data presented in the subsequent tables 
will show all distributions to be skewed toward the 0-value of 
activity as dependent upon the limits of the registciing devices 
This, in the experimental peiiods, may be attributed to the relative 
auditory insensitivity of some infants and to a decline in the effective¬ 
ness of the stimulus But, since the same condition obtains in tlie 
control periods, we aie forced to conclude that the causes for this 
skewness are basically physiological In shoit, the tiemeiidous range 
of activity in contiol periods is indicative of a variety of effective 
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ph/siological conditions ainoiiti; sonic in/ants. '1 'Jk'>,c di/fcrcnccs may 
be due in pait to cliJltcicnccs in tlic time of c\|)oiitnetU.mon with 
refeience to time of feeding The “aslcoi) and diy” group showa 
markedly less aclivily in both control and cxpciimcnt.il ju-ijods, with 
the differences between the periods much ninic elcai-cnl. Computing 
the PE. of the (lilfcicnccs of the medians ratlici th.m of tlu* means 
lowers the leliability of the dtffcieiHc hut docs not signi/maiuly change 
the general pictuic. In otliei words, expciimciit.dly .iioibed activity 
lests upon the base of the existing slate of iriiiahihiy 

T'Ani.F 1 

Number and Distribution or Inianis Alloruino jo Six, Racc, and Aoe; 



NUMIUR AhD Tv CIS 01 

1 XI'HIIMI N li 


Coimtcr records I'olygiapli retortls 


No. 

27 

28 


A 

Age 


Range 2*11 d ivs, Av 

C> dn>s 

Sex 


MiilcH 12, feiii lies 16 


Race 


Whites 5, Negroes 22, 

Chinese 1 

B 

Complete 


60 


Not complete 

29 

3L 



CPEP 

31 

29 



EPCP 

31 

31 



10 see 

22 

19 


D 

30 sec 

21 

21) 



60 sec 

V 

21 



Lcffeiiii, 

A, number and distiibulion of uifnnts 

B, number of auditory cxiicnincnls 

Cj distr/bntion of experimenta nccorcling to seiiuciui.il oidci of (onirol 
and experimental penoda 

D, distribution of experiments arcordlnn to interval of stinnilaiion 

Complele, cxpcrunciUs m wlucli both comiol and experimental pciiods 
aic completed 

Not compicte, expciinicnls in which eitlier contiol or cxpctimcninl 
periods arc unlimshcd 

CPEP, control peiiod of 10 minutes (duniij' wliuli no siiiiuili are 
given) precedes experimental pciiod of 10 minutes (ilurmg wliieli 
auditory stimuli are given) 

EPCP, experimental period piecedes coiitiol period 

Table 1 shows that: 

1 The sexes have about ctpia! icprcscnlalion in the gioup of 
infants studied, but the makc-iip of the gioiip is aliuosi exclusively 
Negio Quantitative mcasuicmcnt of gcncial aclivitv icvcals no 
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significant lace difference (13), but Mhctliei auditoiy sensitivity Is 
the same will require a furthei analysis of ihv (l.ilii lic.ited by Gate- 
wood and Weiss (3). Qualitative protocols of e^pCIlnl(•lltal peiiods 
seem to indicate sc\ and race diftcicntes in the finiucmv ^vitil which 
certain types of icsponsc occui, and an increaM* in then luiiiihei in 
expelimeiital periods durinj^ wlmh sliimili of dilleieiU modalities 
were applied. 

2 Tlieic is no lepicsentatioii in the proup of infants on the day 
of birth 1101 upon the following day, and that the stmly docs not 
extend beyond the 11th day. 

3. Of the expciinicnts initiated, abmit one-thiiil aie not coin- 
pleted because of too gicat actnity ainl continued crying oi need 
for care in the mnsery, etc 

Tabic 2 shows that: 

1 In all completed pciiods tlieic is gicatei activity during an 
expeiimcntal period (EP) than duiiiiK a conliol (CP) *l'hc mean 
for EP IS 7 90, foi CP, 5 24, the diriercntc of the nieans/IMs of 
the diffeicncc being 2,86. 

2 The effects of audiloiv stiniiilation aic moic appaient under 
the conditions "dry and asleep" 'Plu* mean foi El’ is 4,21, of 
CP, 2.57, the diffcicncc of the ineans/P E. of the diffcromo being 
3 13. 

3 The effects of aiidiloiy stimulation aic supciimposed upon 
the existing higlici activity of the conditions "wet oi .iw.ike " I’hc 
mean of EP is 10.26, of CP, 7.66; witli tlie diflcionco of the 
means/p.E. of the diffcience equalling 2 30. 

4. Wlien the EP follows the CP the diffci eiucs m .activity ate 
accentuated The mean of EP is 8 74, of CP, 4 1}!, with the 
difference of the ineans/PE of the dillcrcncv iqual to 3 80 

5 When the EP picccdcs the CP the difiereiuc in .ictivity is 
lessened The mean of EP is 7 12, of CP, 6,24, and the diffcicncc 
of the ineans/P E. of the diffcicncc is 0 60 

Table 3 shows th.-it; 

1 Experimental periods following contiol peiiods picsent moic 
activity than when they pictedc contiol penmls '(he difleieiice 
IS not statistically icliahlc, foi the dillcicnic of the means/P E of 
the diffeience is but 1.08, the mean lieing foi lOP of Cl’EP, H71, 
of EPCP, 712. 

2. Contiol pciiods following cxpciimciual peiiods loiu.iin gieater 



REPEATED AUDITORY STIMULATION OF NEWBORN 


105 


activity than when they piccede experimental periods. The mean 
of CP in CPEP IS 4.18; of CP in EPCP, 6 24, with the diffeience 
of the mcans/P E, of the difference equalling 1.94. 


TABLE 3 

Comparison or Activity per Unit Time under Physiological or Nursery 
Conditions and Accordino to Experimental Procedure 






Diff 


Mean 

Diff of M's 

aiff. 


EP (CPEP) 

EP (EPCP) 

8 74 
7,12 

1 62 

1 49 

108 

CP (CPEP) 

CP (EPCP) 

418 

6 24 

2 06 

1 06 

1 94 

CP (CPEP) 

All EF 

418 

7 90 

3 72 

96 

3 87 

CP (CPEP) 

EP (EPCP) 

418 

712 

2 94 

1 21 

242 

EP (wi or awake) 

EP (dry and asleep) 

1126 

4.23 

7 03 

1 33 

S28 

CP (wei or awake) 

CP (dry and asleep) 

7 66 
2S7 

S.09 

98 

519 


3 Activity IS greater in an experimental period picceding a 
control peiiod than in a contiol peiiod preceding an experimental 
period. The mean of EP in EPCP is 7 12, of CP in CPEP, 4 18, 
the difference of the means/PE. of the diffeience is 2 42. 

4 Activity in control periods of CPEP order is significantly less 
than that of all expeiimcntal pcuods, since the diffeience of the 
means/p E of the difference is 3 87 

5 In both control and expeiimental peiiods activity under the 
conditions ivet or awake is almost tlnee times as great as under the 
conditions dr^ and asleep The mean of EP {wet or awake) is 
11.26, of EP (dty and asleep), 4.23, the diffeience of means/P.E. 
of the diffeience is 528, of CP {loet or azvake), 7 66, of CP {dry 
and asleep), 2 57, and the difference of mcans/P E of the difference 
IS 5 19 

Table 4 shows that 

1 Activity as lecoided by electiical counters shows essentially 
the same iclationships between contiol and experimental peiiods 
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Legend Same as Table 
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as do the values obtained from the polygraph lecords. In the com¬ 
pleted periods the mean of CP is 1,02, of EP, 1.59; the diffeiencc of 
the means/p,E, of the difference being 2.57, in periods with older 
CPEP the mean of CP is 0 49; of EP, 1.60, and the difference 
of the means/PE of tlic diffeiencc is 4.44 
2. The ratio of mean of EP to mean of CP of counter values 
as compaicd with polygiaph values is as follows 



Countci 

Polygraph 

A 

1 55 

1 50 

D 

3,26 

2 09 

E 

1 02 

1 14 


Table 5 shows that. 

1 When specific reactions to auditory stimuli are subtiacted from 
the activity of tlic cxpeiimental peiiods the differences between 
tliese and the control periods become insignificant. In all completed 
peiiods the mean of CP is 5 24, of EP-Sp R’s, 5 34, the diffeiencc 
of the means/PE of the diffeicnce is 0.11; undci the conditions 
diy and mleep the mean of CP is 2.57; of EP-Sp R’s, 2 40, with 
the difference of the mcans/P E. of the diffcience equalling 0 42, 
under the conditions wet oi awake the mean of CP is 7 66, of EP- 
Sp.R’s, 8,04, and the diftcicncc of the mcans/P.E. of the diffeiencc 
IS 0.24 

2. Apait from external stimulation, tlicie is a tendency loi 
activity to be gieatei in the second Jialf than in the fiist half of a 
20-minute period Thus with the order CPEP the mean of CP is 
4 18, of EP-Sp.R’s, 5.70, and the difference of the means/p E. 
of the difference is 1.39; with the ordei EPCP the mean of CP is 
6 24; of EP-Sp.R’s, 5.00; with the difference of the mcans/P.E. 
of the difference equalling 0 92 

Table 6 shows that. 

1. The total activity of experimental pciiods is incieased when 
the number of stimuli is increased fiom one eveiy 60 seconds to one 
every 10 seconds (the mean of the 60-second inteival is 5.96, of 
the 30-second inteival, 8 80, and of the 10-second iiitcival, 9.10), 
although statistical reliability is approached only in the diffeiencc 
between the 60- and 10-second intervals, 

2 From 60- to 10-second intervals the stimuli mcioasc 6 times 
while activity incieases only 1.52 times (i.c., 9.10/5.96). 
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TABLE 6 

Comparison of AcriwrY per Unw Time w Completed Experimental 
Periods According to Interval of Auditory Stimolahon 


Diff 



Infeival 

Mean 

Diff o£ M’s 



EP 

lO sec 

30 sec 

9 10 

8 SO 

30 

2 19 

.13 

EP 

30 sec 

60 sec. 

8 SO 

5 96 

2 84 

I 70 

1 67 

EP 

10 sec 

60 sec 

9 10 

5 96 

314 

1 56 

201 


3. Fiom 30- to 10-second mtervals the stimuli increase 3 tunes 
while activity increases only 103 times (le, 9.10/8 SO). 

4. From 60- to 30-second intervals the stimuli increase 2 times 
while the activity increases only 1 47 times (i e , 8 80/5.96). 


TABLE 7 

Specific Auditory Responses of EP’s 


Successive 
minutes 
of EP 

0 

per 

S 

Every 

10 sec 

min 

pei 

0 

0 

per 

S 

Evciy 

30 sec 

mm 

per 

O 

Every 
60 see 
O 

per 

S 

mm 

per 

0 

1st 

2 08 

2 08 

3 25 

176 

2 38 

1 89 

2nd 

106 

2 19 

117 

146 

47 

2 82 

3id 

64 

1 39 

122 

151 

2 04 

1 37 

4th 

48 

1 30 

42 

217 

85 

1 28 

5th 

51 

147 

15 

161 

1 00 

1 57 

6th. 

73 

135 

75 

21J 

too 

123 

7th 

31 

1 61 

75 

156 

2 04 

1 93 

8 th 

70 

172 

02 

100 

1 52 

1 84 

9 th 

67 

I 64 

40 

162 

1 71 

: 61 

10th 

61 

1 28 

95 

1 34 

1 28 

1 33 

Total period 

79 

1 73 

94 

1 66 

1 43 

1 66 


Legend 0, oscillations, S, stimtihis, mm, millimeters 


Table 7 shows that* 

1 Botli chaiacteiistics of activity, number of oscillations pei 
stimulus and the average magnitude of each oscillation, tend to clc- 
ciease thiough the successive minutes of the experimental peiiod, the 
greatest decrease being registered in the nunibei-of-oscillations-pcr- 
stimulus characteiistic of activity 
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2 The effect of changing the intcival between stimuli is to alter 
the number of oscillations pei stimulus chaiactciistic lathei than to 
affect the average magnitude of the oscillation Thus the average 
number of oscillations pei stimulus when tlic stimuli occui every 10 
seconds is 0 79, when they occur every 30 seconds it is 0.91-, and with 
one every 60 seconds it is 1 43. The lespcctivc avciagc magnitudes 
are I 73. 1.66, I 66. 

3. When auditory stimuli arc spaced 60 seconds apait each 
stimulus is individually more effective in iclcasing lesponses than 
when the intervals aic shoiter. 


TAIiLE 8 

Miliimifers per Osciieahon 



All complete 


Asleep 
and (liy 

Awake 

01 wet 

CP 

1 5+ 


145 

I 57 

EP 

1 55 


1,53 

1 55 

EP-Sp R’s 


147 



Sp R’s 


1 71 




Table 8 shows that: 

1. In dealing with all completed auditory pciiods thcie appears 
to be no difference in the average inagiiitiidc of oscillations of contiol 
periods (1.54) as compared with cxpciimcntal pcnocls (1.55). 

2. Undei the conditions asleep and ehy a diffeience, whether 
significant or not, appears. The avciagc magnitude foi CP is 1.45, 
for EP it is 1 53. 

3. The average magnitude of the oscillations in experimental 
periods with the specific reactions to auditory stimuli subtracted is 
only 1 47, thus resembling the CP value of the asleep and diy state. 

4. The average magnitude of the specific leactions is 1 71, indi¬ 
cating that the pattern of auditory response occasions greater ex¬ 
cursions of the stabilimcter than occur in “spontaneous” movements 
of the same period of experimentation. 

Discussion 

Auditoiy stimuli of the type employed in this lescaich are, accoid- 
ing to Watson (17), adequate for the aiousal of the pnmaiy emo¬ 
tion of “fear” Emotion he defines as “an licicditaiy pattcin le- 
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action involving profound changes of the bodily mechanism as a 
whole, but particularly of the visceral and glandular systems.” The 
significance of this definition, as well as that of other chaiactenza- 
tions of emotion, is that responses of some duration are implied 
Woodworth’s (18) “stirred-up state of the oigamsm” is a case m 
point Yet a review of the literature upon the neonate discloses, 
in most cases, no such sustained activity in response to auditory 
stimulation. Hallei (4), using stimuli of 10 seconds’ duration, al¬ 
though classifying responses upon the basis of "feeling-tone” charac¬ 
teristics, nevertheless reports that the responses occur at the onset 
of stimulation and begin to decline before the stimulus has ceased, 
Peiper (10) finds the pattern of responses described in the piesent 
paper to be clicvtable without awakening the child or causing it to 
ciy. The reaction-times arc short. Similarly, Cauestrini (2) shows 
that certain of the effects produced through the autonomic system, 
e g, changes m respiration and circulation, are likewise quickly pro¬ 
duced and of short duration. 

In short, the extiemely variable pattern of lespomes to auditory 
stimuli is characterized by a quickness of occunence and a duration 
too brief to wan ant its classification as an “emotion ” 

The relatively insignificant role of auditory stimuli in the releas¬ 
ing of activity, compared to that produced by the physiological con¬ 
ditions that characterize the wet or awake states, is clearly in evidence 
even m Table 3 Sustained activity m which most of the organism 
participates is conelatcd laigely with activity along the abmentarv 
canal or with ceitam environmental tempciatuies that may affect 
the body either generally or locally.® 

According to Iiwur’s (5) thesis, these responses to auditory 
stimuli should represent individuation from "mass” behavior But 
since Iiwm's data, as well as those of othei investigators, indicate 
quite clearly that this "mass” or "spontaneous” behavior arises in 
connection with activity ^ong the alimentary tract, the hypothesis 
of "mass” behavior as the "matrix” appears questionable Studies 
of fetal behavior by Minkowski (8) and others show no evidence of 
the "mass” behavior described and studied by Irwin Accoidmg to 
the latter (6), one of the mam criteria of specific movements as 
opposed to “mass” behavioi is their slowness, on the average This 

The nature of the variously termed "random,” “spontaneous,” “mass” 
behavior is considered at greater length in "TTie Neonate” (14) 



112 


KARL C. PRATT 


IS exactly the principal characteiistic of fetal movements either in the 
eaily stages, as studied by Minkowski, oi later in prcmatuie infants, 
as shown by the investigations of Bcisot (I) and others It is 
known indirectly that a ccitain amount of pciistalsis occurs during 
the fetal stage, but this does not appeal to be lelatccl significantly 
to fetal activity, Furtheimoie, before there is any evidence of the 
so-called “mass” behavior, the majoi component of the auditoiy 
response, as Peiper (9) shows, may be elicited tn nteto. 

The question arises as to whether the icsponscs to auclitoiy stimuli 
may adequately be described as generalized or specific The wiiter 
has previously noted*' the indefinite charactci of these tcims. It 
has been geneial usage to treat as specific those icsponscs which arc 
localized and as gcneiaiized those which arc unlocalized. But this 
simply means that a given response will be considcied as genciahzed 
or specific accoidiiig to the point of reference Again, specificity of 
response has been made to refer to high fiequcncy of occuucnce in 
response to a paiticular stimulus, rcgaidlcss of the extent of the 
response, and still fuithcr to icfci to a unique connection between 
a particular stimulus and a particular response 

From tlic standpointof localization the auditory lesponses picsent, 
according to the experimenter’s piotocoU, all dcgiccs of localization, 
vaiying from infant to infant and fioin stimulus to stimulus, between 
extreme limitation among explicit lesponscs such as palpebral icflcxcs 
and toe and finger reflexes, to activity in piactically nil segments of 
the body 

Fiom the point of view of frequency of occuricnce the lesponses 
range from those which aie most invaiiablc, like the cochlcar- 
palpebial reflex, to those which appear laicly, such as tlic extension 
of the big toe alone. 

And, as Watson (17) and Pcipcr (II) have dcmonstiated, there 
IS no unique relation between the «iuditoiy stimulus and the obtained 
responses, 

Lastly, we have to account for the reduction and even the disap¬ 
pearance of most of the lesponscs when the auditoiy stimuli arc le- 
peated at short intervals. This diminution of the lesponse has been 
attributed to adaptation, but this interpretation docs not seem icna- 

°Generali7.Ttion and ^pcciHcity of bcliavioi in tlic new-boin infant 
Psychol Dull, 1931, 693-694 A papei picsented before the Ainciicaa 
Psychological Association at Toronto, Spptembci, 1931 
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ble, since we are not dealing with continuous stimulation Each of 
Hallei’s (4) stimuli lasted 10 seconds but usually the response began 
and ended before tlie stimulus ceased. With abrupt stimulation such 
as was employed m this rcse.irch, the possibility of adaptation as 
ordinarily undcistood seems quite remote. It might be argued that 
repeated stimuli have a cumulative effect appioachmg the adaptation 
to a continuous type of stimulation. This seems doubtful in view 
of the fact that the response does not remain completely in abeyance 
aftci the first few stimuli but may lecur at intervals duiing the re¬ 
mainder of the experimental period. 

This latter phenomenon which wiU be tieatcd in a subsequent 
paper seems also to make the hypothesis of fatigue untenable 

There remain thcoues assuming some type of inhibition, as ad¬ 
vanced by Canestimi (2) and Pciper (9). The former noticed this 
reduction in activity biought by icpeated stimuli in his ciiculatory 
and respnatory indices. The latter, studying the so-called “feat'’ 
component m ute) 0 , reports the same reduction of lesponse The 
inhibitory effects of auditory stimuli (paiticularly those of some 
duiation) upon existing activity have aheady been mentioned 

Conclusions 

The following conclusions seem justifiable! 

1. The gross Total activity is increased duimg the periods in 
which a baby is subjected to auditory stimuli 

2. The excitatory effects arc much more pronounced when othci 
stimulating conditions (particularly those associated With the func¬ 
tions of the digestive tiact) are not present 

3 Electncal-counter readings give essentially the same values 
as the polygraph lecoids 

4, Increased activity of the penods of auditory stimulation is the 
result of the immediate responses to the individual stimuli lathei than 
being the product of a heightened genejal initability and restless¬ 
ness It therefore seems unwise to designate the oveit paCbems of 
response as an “emotion" of “fcai," since “emotion" usually con¬ 
notes “a stlricd-up state of the oiganism" and is not of such shoit 
duiation The studies by Canestrini and Peipci show that the 
circulatojy and respiiatoiy responses to auditoiy stimuli aic likewise 
of sliort duration This would seem to indicate no “stiued-up" 
state of the viscera 
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5. Gross activity of a period is increased wlicn tlie number of 
stimuli are increased, but not proportionally because with decicase 
in the interval between stimuli they become on the avoage indi¬ 
vidually less effective 

6 Somehow tlie newborn child is enabled to adjust to situations 
of this kind by a pjocess which involves a lediiction in tlie magnitude 
and extent of its responses to reclining stimuli 
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LES EFFETS D’UNE STIMULATION AUDITIVE REpETEE SUR 
L’ACTIVITE GENERALE DES NOUVEAU-NES 

(Resume) 

L'outeur a ^tudi6 les effets des stimuli auditifs r^petds sur I’activite 
generate des nouveau-nes On a mesur6 les leoctions dc ringt-hiiit enfants 
entre le<i ages de 2 ^ II joura au tnoyeo d’un appareil special de atabilim^tre- 
polygraphc Icquel a enregistrd graphiquemcot lea mouvementa du corps 

On a compart I'activitd des p£riodes dc contidle et cellc des periodes 
e'tp6nineTitnle5 pendant tesquelles des atinrali atidiufs d'une inten5it6 Con¬ 
stance otit eCe pr^aenc^a d’tine manidre automatique coutes lea 10, 30 ou 60 
secondca 

Lea rcsultnta de l’6tude monCient que Factivit^ brute totale s'accrott 
pendant lea petiodes ofi I'on fait subit des stimuli anditifs i. un bib4, 
L’aciivitd augmentec eat le risultat des r6ponses immedintes aux stimuli 
individuels plutoc que celui d’tine plus giande irritabilit6 oii inquietude 
La forme des r6pon8ea ^videotes ne conforme pas aux specifications or- 
dinaires du terme imohon 

Quand on augments le nombre de stimuli auditifa pour chaque diir6s, 
I’activitS brute d’une periode a'accioit mais non proportionnellemcnt parce 
que les stimuli deviennent en moyenne individuellement moms efiicaces avec 
un accroissement de I’lntcrvnlle entre eux Ainsi le nouveaii-nc peut 
s’adapter ^ cette sorte de situation du milieu par nn processua oO ]I s’agit 
d’une r6duction de la gtantleui et de l’6tendQe de aes r6pcnaea aux stimuli 
r6p6tca 

Pratt 


DIE WIRKUNG WIEDERHOLTER GEHORSREIZE AUF DIE ALLGE- 
MEINE TATIGK.EIT NEUGEBORENER KINDER 

(Referat) 

Der Autor unteisiichte die Wirkiing wiederholter Gehersreire auf die 
sillgemeine Tatigfceit neugeborener Kinder Die Reaktionen von 28 Kindern 
im Alter von 2-11 Tagen wurden Tcrmittelst bcsonderei Stabiiiineterpoly- 
giapheneinheit gemessen, die die Koiperbeweguogcn giaphiach aufzeichnete 

Die Tatigkeit waliieiid dcr KontroKpeiloden wurde mit der I'atigkcic 
wahrend der Expcrimcntalperioden verglichen, wahrend wclcher Gehorareize 
konstanler Scaike automatiache jcde 10, 30, oiler 60 Sekunde gegeben 
wuiden 

Die Ergebnisse der Untersuchung zeigen, dass die Gesamttatigkeif 
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wahrend der Penoden, vyahiend wdcher cm Baby Gchorsrci/en aiisgeactzt 
ist, vermehrt wird Die vermehrte Tatigkcit nt chcr die Wukimg der 
unmittelbaren Renktlonen auf einzelne Rcizc als einc cihohte nllgcmeme 
Erregbarkcit oder RvihclosigkeU Dei Typits dcr offcnkundigen Reaktioncn 
stimmt nicht uberein mit dcr Ublichcn Bcschreibuiig des Bcgiiffes Gcfuhl 
Wenn die Zahl der Gehorsrcizc pio Zcitcinhcu crholit ^Yl^d, ao nimmt 
auch die Gcsamttaligkeit einer Pcnodc 711, nbcr mclu proportional, well 
s!e mit der Abnahme dea Intervals zwisJicn den Rci/cn cmzcln Durch- 
schmttlieli ^yeniger wlrksam werden Dodiirch knnii sicli dns nciigcboicnc 
Kind den umgebenden Sitwationen dicscr Art onpasaen, diircli einen Vorgnng, 
der erne Vcrminderimg dcr Grossc itnd dcr Ausdcliniing dcr Reaktioncn auf 
wicderkehrcnde Heize m sich sclilicsst 

Pratt 



TflE EFFECTS OF REPEATED VISUAL STIMULATION 
UPON THE ACTIVITY OF NEWBORN INFANTS'"^ 

Ft07n the Depattineut of Psycholoffy of Ohio Stale Uiiiveisity 


Karl C Pratt 


Introduction 

The variety and mvaiiable occurrence of certain lesponses to 
visual stimuli aie indubitable evidence of the sensitivity of the 
visual equipment of the neonate Whether mechanisms aic available 
foi diffeiential icsponses to the stimulus variables (wave-length, 
wave-amplitude, and wave-composition) has not been established 
expeumentally, although ceitam of the reflexes elicited manifest a 
relation between the magnitude, or even the occurrence, of the re¬ 
sponse and the intensity of the stimulus This has been established 
by Pratt, Nelson, and Sun (9) foi the oculopalpebrnl reflexes, and 
by Peipci (6) foi the eye-neck {Auffentefiev atif den Hah) leflex. 
Utilizing the latter lesponsc, Peiper (7) has been able to show that 
even in prematuie infants the Puikmje shift appeals upon dark- 
adaptation, It IS claimed that totally color-blind individuals do not 
have the Piukinje phenomenon and that Us piesencc in iioimal new¬ 
born infants indicates, to that extent, the functioning of the cones 
at tins stage of development 

The most invariable responses ehcited by visual stimulation arc 
the palpebial leflexes, since these occui whether the eyes are closed 
or not Pupillaiy reflexes are of a siinilai high older of frequency. 

If the visual stimulus is of proper size and mteirsity and if it 
IS moved at a slow rate of speed, a newborn infant, if awake, will 
frequently pursue the moving spot of light by head- and cve-follow- 
ing movements. McGinnis (3) would deny the possibility of genu¬ 
ine visual puisuit duimg the eaily part of the neonatal peiiod. The 

‘Accepted for publication by Cail Muicbi^oB of tbc Editoiial Boaid and 
received in the Editonal Office, Apiil 27, 1933 

^This investigation was completed while the wntei was National Re- 
aeaich Council Fellow at Ohio State Umveisity duiuig 1930-31 AcknowU 
edgment of obligations is hereby accoidcd to the Council, the late Dr A, 
P Weiss, who acted as director, the various coopeiating departments at 
Ohio State University, and Mr Charles IIu for his seiviccs as assistant 
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writer believes, however, that McGinnis studied too sm.ill a num¬ 
ber of cases (4) to wanant such a geneialiKation. 

In addition to these reactions, strabismic and nystagmic move¬ 
ments occur. Optic nystagmus lias been studied with an excellent 
technique by McGinnis. 

lloth Cancstiini (2) and Peipci (4) have dcinonstiatcd the 
effects of visual stimulation upon circulation and rcspiiation. The 
former likens the ciiculatoiy and respiiatoiy icsponses produced in 
the newborn child by intense visual stimuli to siiml.tr responses 
which may he obseived when adults aic flightened The latter 
(5) rotes that intense visual stimuli evoke the ‘'fcai” {Schieck) 
reaction—a pattern of responses similai, except foi lefractovy phase, 
to the Moro reflex 

Pratt, Nelson, and Sun's (9) quantitative measurements of bodily 
activity to visual stimulation show that the rciictions aie moie pio- 
nounced at biitli, and that thev decline theicafter duiing the first 
two weeks of life, This would seem to indiCiXte tliat the '‘feai"^ 
or ‘'Moro" component diops out lapidly with age. 

The effects of continuous visual stimulation of diffeient intensi¬ 
ties are unknown foi this period of life And beyond the relatively 
quick extinguishing of the "Scbicck" reaction, noted by Peipci in 
cases when stimuli aic repeated, no quantitative mcasiiienients of 
the effects of repented stimulation apirc.ir to have been rcpoited in 
the literature. 

The Problem 

The aims of this investigation were. 

1 To obtain a quantitative measurement of the effects of re¬ 
peated visual stimuli upon the activity of newboin infants. 

2 To dcteiminc whether the effects, if any, aic due to im¬ 
mediate reflex lesponses or to a geneial heightening of activity 
during the period of stimulation. 

3 To discover the iclation between activity and the numbei 
of stimuli per unit time 

4. To study the changes in activity with successive repetitious 
of the stimulus. 


As incllcotcd in a paper on the effects of lepcntcd auditory stimulation 
upon activity, this teim is valueless if it is to catiy the coiinoiauon of 
"emotion” or "emotional state." The activities aic of qiiiclc icflex dura¬ 
tion, and to avoid ambiguity it seems best to extend the term “Moio” to 
the complex, regardless of the modality of the arousing stimulus 
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Apparatus 

The contiol and recording apparatus consisted of a movable 
expeiimental chambci with built-in stabilimeter and polygiaph unit.^ 

As in the study upon the effects of repeated auditoiy stimulation, 
an mterval-timcr unit opeiated by the polygraph motoi made it 
possible to present visual stimuli automatically fiom a 75-wait "day¬ 
light bulb" (the leceptaclc being mounted on the ceiling of the 
expeiimental cabinet diicctly over the infant) with a duration of 
1 second and at intervals of 10, 30, oi 60 seconds flccouling to the 
experimental schedule. The infants weie undei a constant illumi¬ 
nation of low luminosity value appioachmg deep twilight conditions 

( 9 ). 

Tbchniqub 

The procedure employed in tlus icseaich was essentially the same 
as m the study of the effects of auditory stimulation Infants were 
selected on the basis of nuisery conditions Previous study (9) 
had shown the occurrence of palpebral reflexes and the Moro com¬ 
plex even when the infant’s eyes weie closed, so it was not con¬ 
sidered necessary to limit the study to those infants that were awake 

The peiiod of expeiimcntation was divided into three paits’ 
(1) an initial adaptation period of 2 minutes, during which an op- 
poitunity was provided foi tlie stimulating effects of manipulation 
of the infant to subside, (2) a control peiiod (CP), in which 
activity was recorded during a 10-minutc peiiod with no specific 
stimulations, (3) an experimental pciiod piopcr (EP), during 
which the activity of a 10-mmute peiiod of stimulation at deter¬ 
mined intervals was laioidcd The Older of (2) and (3) was 
varied so as to avoid eirois due to the progicssively changing state 
of the oiganism from one feeding pciiod to the next 

Results 

This investigation was conducted concunently with that upon 
the effects of auditoiy stimulation and hence deals with essentially 
the same gioup of infants As Table 1 shows, the numbei of ex¬ 
periments completed undei the condition "awalce" is very limited 
This indicates merely tliat geneial activity is usually very great 


•‘For complete details of this appaiatus and method of operation other 
publications {I, 9) may be consulted 
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when the infant is awake McGinnis (3), as well as many other 
investigators, has noted this It lias been demonstiated (9), how¬ 
ever, that visual stimuli have certain clfects, even wlien the eyes 
arc dosed. Palpebral reflexes almost invariably appear and in 
many instances the Moio complex or some clement theieof. The 
latter is most pionounccd duiing the fiist 36 to 48 hours and de¬ 
clines thereafter It is therefore obvious that a function clianging 
with age would necessitate segregation accmdmg to age pciiods 
Our selection avoids this by eliminating the slioit pciiod of maxi- 
mum sensitivity as measured by the Moio complex, just as our age 
selection in the auditoiy experiment luled out the period of relative 
auditory insensitivity. When the icscaich progiam was initiated it 
was thought that the major effects of repeated auditory and visual 
stimulation might consist of heightened general activity as well as 
immediate specific responses occurring throughout the period duiing 
which the stimuli were applied. The age selection thciefore oper- 


TABLE 1 

Number and Di^truiution or iNFANrs According to Si'x, Race, and Age, 
Number and 'Fypps oi Explrimi'nts 



No 

28 


A 

Age 

Range 2-11 days, Av 6 days 


Sex 

Males 12, females 

16. 

22, Chinese 1 


Race 

Whites S, Ncgioca 

B 

Complete 

68 


Not complete 

25 

(asleep 1, awake 24) 


Dry and asleep 

38 


C 

It'd or (intake 

30 



Asleep 

58 



Awake 

10 



10 seconds 

21 


D 

SO seconds 

IS 



60 seconds 

26 



Leffeud 

A, number and distribution of infants 

B, number of visual experiments 

C, distribution of experiments accoiding to nursery or physiological 
conditions 

Dj distribution of experiments according to mtcivnl of stimulation 

Coiitplele, experiments in which both contioi and experimental peiiods 
were completed 

Not completed, experiments in vrhich cither control oi experimental 
periods were unhniahed 
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ated to provide a group m which there weie no significant changes 
in activity correlated with age diffeiences. 

As in the auditory studies, no attempt was made to secure norms 
of activity, since the problem dealt with the relative activity during 
periods of stimulation as compared with periods of non-stimulation 
under as similar physiological oinditions as it was possible to obtain. 


TABLE 2 

AcTivirr per Unit Time in Completed Control and Experimental 
Pemods, Accorcinc to Physiological or Nursery Conditions 





Range 

SD 

Mean 

PE 

Diff 

P pRift 

Diff 









of M’s 


CP 

(S8 

0-27 40 

6 SO 

6.12 

0 53 




A 

EP 

68 

0-3 J 20 

7 34 

6 30 

0 60 

018 

0 80 

0 22 


CP 

38 

0-31 SO 

448 

3 86 

049 




B 

EP 

38 

0-18 10 

428 

3 5+ 

0.46 

032 

0 67 

0.47 


CP 

10 

0-27 40 

7 46 

9 00 

0 91 




C 

EP 

30 

0-33 20 

8 74 

9 80 

1.07 

0 80 

140 

0.57 


CP, 

« 

0-2t.SO 

S06 

416 

0 52 




D 

CP,a 

26 

0-2740 

7 28 

9 30 

096 

514 

109 

4.71 


CP 

10 

0-27 40 

10 30 

12,40 

2.19 




E 

EP 

10 

C-28 20 

9 12 

10 00 

1 94 

2 40 

2 92 

0 82 


Lefe7id • 

No, number of experiments 

Range, stabihmeter oscillations per minute 

CP (control period), 10-mimite peiioil during whicli no stimuli were 
given 

Ei* (experimental period propci), 10-minutc period during which 
visual stimuli weie given 

A, activity per unit lime in all complete control and experimental 
periods 

B, activity pei unit time under the conditions dry and asleef 

C, activity per unit time under the conditions wet oi (iivake 

D, activity per unit time in control peiiods accotding to nursery 
conditions dry ot avei {d oi w) 

E, activity per unit time under the condition awake (this is intro¬ 
duced to complete the record and not because it can have any 
signi/icaiice in view of the number of cases) 
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Hence the vnluts sccuied m experimental pciiods have significance 
only when viewed in relation to the values lor their coi responding 
control pejiocis. 

Tlic mcasuie of activity selected has been the number of stabili- 
meter oscillations per unit time, since this measuic is easily obtained 
and has been found satisfactory for piohlcms of this kind. 

Table 1 shows that. 

1 The selection of infants is predominantly Ncgio 

2. In practically all of the expeiiinents which were not com¬ 
pleted the infants were awake. 

3 In the experiments which were completed the infants were 
awake in but 10 cases out of 68 

Table 2 shows that: 

1. In all periods which were completed tlicie was no significant 
difference in activity between contiol and cxpcimncntal periods. 
The mean of EP is 6 30; of CP, 612, with the diffcicnce of the 
mcans/P E of the diffeicncc being 0 22 

2 Similarly, thcie was no significant difference between con¬ 
trol and experimental peiiods accoidmg to the physiological and 
nursery conditions studied 

3 Activity is doubled under the condition ivet, as compared 
with ehy The mean of CP (wet) is 9 30, of CP (dry), 4.16, 
with the cliffciencc of the me.ins/P.E. of the difference equal to 4.71 


TABLE 3 

Comparison of Activity pcr Uwir Time in Compiptgd Exi-erimpntai, 
Periods According iu Intprvai of Visual. Stimulation 



Interval 

Mean 

Did. of M’s 


Pifl 







lO sec 

710 




EP 

30 sec. 

4 3+ 

2 76 

1 IS 

2 33 

EP 

30 sec. 

4.3+ 




60 sec 

6.9+ 

2.60 

1 30 

2 00 

EP 

10 Sec 

710 




60 See 

6 9+ 

Q 16 

1 53 

0 10 
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Table 3 sho-ws that: 

1. There Is no significant diffcience in activity when stimuli 
are presented every ten seconds as compared with the activity when 
stimuli are piesentcd eveiy 60 seconds. The mean of the 10-second 
interval is 7 10, of the 60-second interval, 6.94, with the difference 
of the means/p E. of the difference equal to 0 10. 

2. The lower mean (434) of the 30'Secon(i inteival has no 
significant lelation to the numbei or spacing of stimuli, but anses 
from the fact that two-thiids of these cases were whereas in 
the other inteivals only about one-half were in this condition This 
interpretation is supported by D (the mean of the d?y group) in 
Table 2. 

Discussion 

For vision, as for auditoiy sensitivity, additional studies aic needed 
of tlie effect of different intensities of tlic stimuli The results m 
Tables 2 and 3 show that in this experiment no significant changes 
in measuiable activity, eithei of a gcncial oi specific character, were 
produced by visual stimuli. This was true in spite of the fact that 
the palpebral lellcxes, which aie almost invariably picscnt, give 
evidence of visual sensitivity, and that visual stimuli of far less 
intensity may release almost the same pattern of responses as do 
auditory stimuli during the first two days after biith The initial 
presence of this pattern of lesponsc would seem to indicate that the 
startled jcik brought, m tlie older individual, by an intense visual 
stimulus of sudden occuirence docs not necessarily mean that it 
has been conditioned by some such piocess as lightning (conditioned) 
followed by thundei (unconditioned) eliciting tbe reaction in ques¬ 
tion. As Bersot (1) has noted, many a lesponse which disappears 
in the normal couise of development may be caused to reappear by 
mcieasing the intensity of the stimulus 

The posture of the child on die stabilimetei and the limitation 
to bi-dimensional recording made it impossible to measuie Peiper’s 
“neck reflex." With his appaiatus and with this reflex as index, 
the effects of repeated visual stimuli might be studied quantitatively 
Under the usual conditions of neonatal existence, visual stimuli 
seem to elicit more limited oi localized responses tlian do the audi¬ 
tory, or perhaps we should say the responses to visual stimuli rarely 
involve the trunk musculature or that of the exticmitics, whereas 
with auditory stimulation tliese aie conspicuously involved. 
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Conclusions 

1. Repeated visual stimuli of the intensity and dmation em¬ 
ployed in this rescaich do not appicciably incicasc the activity of 
the peiiod duiing which they occiii. This means that ncithei the 
general activity of the period is heightened nor aic there many 
specific icsponscs of the gioss musciilatuic of the body 

2 There is no evidence of a gcinnncly significant diffeicnce in 
activity accoiding to the number of stumili presented pei unit time. 
The lower activity in the expciimcntal period m winch there was 
an interval of 30 seconds between stimuli was due to a i datively 
higher percentage of cases that weie asleep and diy 

3 There is some slight evidence, piovidcd by the polygiaph 
records and the cxperimentci^s protocols, of a specific response of 
the Moro type to the first one or two stimuli, but the number of 
oscillations in this connection was too small to affect the results 
appreciably. 

4 The fact that a much weaker visual stimulus does aioiisc the 
"fear” or "Moro” pattern of responses during the fist two days 
would seem to indicate that the later "startled reaction” of the 
older individual to an intense flash of light may not he a learned 
response, conditioned through aiiditoiy stimulation. On the con¬ 
trary, this may be merely another instance of a reaction which is 
no longer elicited by modciate intensities of stimuli but which re¬ 
appears when the intensity is greatly increased. 
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LES EFFETS D’UNE STIMULATION VISUELLE REP1j:TEE SUR L’AC- 
TIVITE DE8 NOUVEAU-NES 

(Rfsume) 

L'auteur a dtudtd les effets dea atimuli vUucU r6pdtes aur I’activit^ 
g^n^rale des noiivenu-nis. On a meauri les reactions de vmgt-huit enfanta 
entre les riges de 2 11 jours au moycn d'lin appareil special dc stabili- 

in^tre-polygraphe lequel a enrcgistre graphiqucmcnt hs mouvements du 
corps 

On a compart I’activite dea periodcs de contiole et cclle| dea pdnodes 
expdrimentalcs pendant [eaquelles des stimuli visuels constants ont ete pr^- 
sentes d'une mnni^rc automaCiqne pendant une dur^e d’une secondc toutes 
les 10, so o« 60 aecondes 

Les rdsultats dc cetce etude montrent que lea stimuli visucia dc cette 
intensity et de cette dur^c n’accroisscnt pas I’actmte biute totale des periodes 
ofi lis se montient Ajnsi a cet age il n’y a aucun accroissement de I'ln- 
quidtudc g^neralc et il n’y a pas beaucoup de reponses specifiqiies de la 
musculature cntv4ie clu coips Cela s’applique 4 toutes les vitcsses do 
I’application des stimuli etudi^s 

La dicharge de la forme ‘'Moro” de reponses par dea stimuli visiiels dc 
moms d’mtensiti meme pendant les deux prcmieis jours de I’cxistence post- 
natale avec I’aSaiblisscinent et la disparition rapidcs subsequents des rd- 
ponscs dc la musculature enti^re fait un vif cootiaste avec la maniere dont 
sc devcloppent les reponses aux stimuli auditifs 

Pratt 


DIE WIRKUNG WIEDERHOLTER GESICHTSREIZE AUF DIE 

tatigkeit neugeborener kinder 

(Refcrat) 

Der Autor untersuchte die Wiikung wiederholter GesichtsreiTe auf die 
allgemeine Tatigkeit neugeborcnei Kinder Die Realtionen von 28 Kindcrn 
im Alter von 2-11 Tagcn warden veimittelst cmer besondcrefi Stnbiliineter- 
polygropheneinheit gemessen, die Koipcrbewcgongen graphiscli aiif- 
zciclinet 

Die Tatigkeit wahrend der Kontiollpenodeo wiirde rnit dei Tiitigkeit 
wnhrend der Expeiimentalperioden ver^ichen, wahiend welcher koiistnnte 
Gesichtsreize von der Dauei einer Sekunde aiitomatisch im Abstand von 
IQ, 30, 60 Scktmden gegeben wuiden 
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Daa Ergcbnis dor Untersuchunc zciet, dasa n/»<.ir»UDro. i 
gebcnen Starke iind Dauer die GesaintUtigkcit del Pemden^* "7 
welchcr sie daigeboten werden, nicht vermchrcii nar^iH foS 
dieser Altcrsstiife cine Zirnnlime tn dci allirunpiiien rr.,,.. , 

ferner In„t s.cl. fe^tellcn, .l,s, cs mch yVet w I 
Mu«k„ln,„, do. K„r,.o.s g.ta n.csSuK Tt VS :,',’" , " 
amvendiingen zii, die untersuclit wiirdcn ‘■‘naitnissc dei Rciz- 

Dci Ablaiif des '‘Moio”-iyi)us dcr Kcaktioiicii diirrl, r. i. 
nngerer sMrke wahicnd dcr crstcii /wci 'l’.iLre iiaih dei 
folgcnder schneller Abnahine imd Vcrscluvindcii de. p7oU 
Muskulatiir steht im aufFalliRem Gcgensai/ /mn Ve.l5f 
von Rcaktionen anf Gchorsrel/e Entwicklung 


Pratt 



AN EXPERIMENTAL STUDY OF CHILDREN’S BE¬ 
HAVIOR IN A SPATIAL COMPLEX* 

F)om /he hisUUile of Child Welfate, UntvetSity of Caltjornta 


M B Batalla*^ 


The experiment heie reported deals with the reactions of childieii 
in a body maze, with particular lefeience to the development of an 
“intelligent" response to two pathways leading to the same exit. 
The general pattern of the maze is similar to that which has been, 
used by Hsiao (2), and by Tolman and Honzik (4), m the study of 
“insightful" behavior m rats It consists (see Figure 1) essentially 
of thiee pathways of unequal length, paths 1 and 2 lead through 
doors T>i and into a common coindoi and to a common exit 
door C, path 3 leads, by a roundabout loute, to a separate exit door 
Da. The essential problem can be briefly stated as follows, after a 
cliild has become acquainted with all of the routes in the maze, how 
will lie behave when he approaches the common door C thiough path 
1, and finds it locked^ Will he ictuin to the entrance thiough 1, 
and then go directly to 3, or will he again apptoach the locked com¬ 
mon door through path 2^ 

The latter behavior may be taken as an indication of a failure to 
grasp the field lelationships of the maze In terms of adult standards, 
It appeals as “stupid” and “insiglitlcss ” With icfcrencc to the learn¬ 
ing piocess utilized by the child, it would suggest learning based on 
tiial and error or on specific conditionings, lathei than on insight, 
configurational oi stiuctuicd lesponses, oi response to parts in the 
light of the whole If, on the othci hand, the child does actually 
make the correct choice at the choice points, tins would be capable 
of interpretation cithei in terms of (a) chance, {b) “irradiation" 
of an avoiding response, oi (c) insight If correct choices are fre¬ 
quently 01 generally made on the mitral test trial, it would then be¬ 
come desirable to complicate tire pattern of the maze m order to 

*Accepted for publication by Harold E Jones of the Editoiial Ko.ird 
and received in the Editorial Office, May 1, 1933 

^The write! wishes to acknowledge his indebtedness to Professor Harold 
E Jones foi guidanre of the study, for collection of a part of the data, and 
for assistance in preparing the manuscript, and to Professors Warner Brown 
and E C, Tolman for ctilicisras 
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lule out the fiist two factors. The picsent pattern, however, has 
been chosen as the simplest possible one foi testing the reaction to 
a common path. 

An earlier paper (1) has described the construction of the maze, 
and the method by which the doois can be clectucally contiollcd 
from an elevated observation booth. Two cxpeiimcntcrs arc le- 
quired to opeute the maze and take ncccssaiy iccouls Ei stands in 
the elevated balcony, viewing tire child tlnough a screen. His duties 
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are to (1) control the doors, (2) record specific features of the 
behavior of the child in each part of the maze (c.g> jumping, run¬ 
ning, hesitating, pushing at walls, etc.), (3) record the path and 
cxploiatioiis taken by the child, (4) lecord the time from the mo¬ 
ment a child enters until he comes out at the exit, (5) determine 
the experimental procedure relative to the exiierimental stage, and 
(6) give buzzer signals to Eg concerning desiied experimental pro- 
ceduie The duties of Eg are to bung the child to the maze, show 
him tlie cntiance and exit doors (fiont the outside of the maze), and 
at the appiopnate signal to start the child m the maze, urging him, 
"Now find the way to the other door as quickly as you can.” In 
early tiials, m a few cases, it has proved necessaiy to give verbal en¬ 
couragement, if a child became emotionally disturbed Observational 
lecords of cooperativeness, interest in the maze, verbalizations, and 
lelevantbehavioi signs weie taken by bothobseiveis, and paiticulaily 
by E 2 A detailed bchavioi rating scale was also filled in by E 2 , 
the icsults from which aie not here reported. A high level of moti¬ 
vation prevailed among the children. The only external rewards 
used weie jack-stones and marbles, which were shown to the child 
before the first trial of the day, and were given to him following the 
last run of the day After each run the child received verbal praise 
from E 2 . Motivation was strengthened bv the children’s attitude 
of competition "to be taken first”; the nature of the task, involving 
full bodily activity rather than the moie restricted behavior of ordi¬ 
nary laboiatory piocedures, was well suited to maintaining interest. 

Six separate experiments were conducted, and records taken for 
over 3000 runs The procedures in the training scries were as 
follows 

Experiment I 21 nursery-school children, ages 30 to 51 months, 
mean CA 42 months. The mental age range was from 27 to 79 
months In this, as in all the other youngei groups, the average 
IQ was between 115 and 120, the intellectual and social selection 
was similar to that found m representative private schools. In Ex¬ 
periment I the piocedure involved (a) free choice trials, in which 
the children were given four runs a day for three days, any path 
being peimitted, {b} restiicted trials, requiring children to extend 
their practice m the various pathways Tins last was especially 
necessaiy in cases in which a stiong tendency had developed to pre¬ 
fer one path to the exclusion of the others. The restriction was 
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accomplished by locking doors 1, 2, and 3, as needed; dooi C was 
never locked. In these trials the cliild was icquiied to take the 
paths in rotation TJius, if a child took path 1 in his first run on a 
given day, path 2 was the only one open for the second run, and path 
3 for the third run. Altogether, each child received appioxmiatcly 
12 free trials and 18 restricted trials. 

Experiment 11' The same gioup was ut,ed as in the preceding ex¬ 
periment, after an interval of tliiec weeks Approximately 9 free 
choice and 11 restiiclcd pichniinaiy urns weie given pei child 

Experiment III: 57 nurseiv-scliool, kindcrgaiten, and elementary- 
school children Ages 32 to 94 months, mean CA 59 months An 
average of 9 free choice and 7 lestnctcd preliminaiy runs were given, 
Instead of being spread over a week or more, however, these trials 
were all given on one day. Expenmcnt III was given approxi¬ 
mately 5 months after Expeiiment IC, and included 13 of the same 
subjects 

Experiment IVi 28 kindergarten and clementaiy-school children. 
Ages 51 to 94 months, mean CA 71 months. In this expeument no 
restriction occurred tliiough locking of the doors 1, 2, or 3. If, how¬ 
ever, the child became fixated on a single pathway, Ea would suggest 
to him, "This time try a diffeicnt way” An avciage of 19 pre¬ 
liminary runs was made, per child The common door C was 
propped open during the preliminary training Experiment IV was 
given about three weeks after Experiment III, and included 9 of 
the same subjects 

Experiment V: 18 kindergarten and elementaly-scliool childicn, 
ages 51 to 94 months, mean CA 72 months. Thcic was consideiablc 
overlapping as to subjects in Experiments III, IV, and V. In Ex- 
pciimcnt V the maze pattettr was changed somewhat in order to 
accentuate the dtiectional difference at the choice point between paths 
2 and 3. These were no longer at light angles to each other, but 
led m opposite directions. The common door, as in Expenment IV, 
was propped open in the preliminary seiies Experiment V was 
given a week after Experiment IV, and included 10 of the same 
subjects. The training pciiod included an aveiage of 22 tiials 

Experiment VI. 20 children, of the fifth and sixth grades, were 
tested with the maze patterns used in Expciimcnts T, II, and III. 
Ages 115 to 143 months, mean CA 133 months. An average of 2 
restricted and 9 free choice preliminary trials were given, all on 
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the same day This cxpeiiment wa*; conducted by Dr H E Jones 
Table 1 gives a record of paths attempted and completed, foi each 
experiment. 

TABLE I 

Attempted and Completed Runs im the Training Period 


Total times 
path entered 
(1st choice) 
Path 


Mumber of runs 
completed 
Path 



1 

2 

i 

1 

2 

3 

Experiment I 

MM 


111 

2+1 

227 

125 

Experiment II 

■ ■ 


mSM 

209 

103 

102 

Experiment III 




+31 

271 

209 

Experiment IV 

199 

1S9 

ISO 

199 

176 

163 

Experiment V 



112 

139 

133 

118 

Expenitiem VI 

■ 1 

wtm 

57 

66 

75 

70 


It may be noted that in each expcii'mcnt a definite preference 
existed for path 1, and that path 3 (longest, and involving more in¬ 
tervening curtains, and with more blind alleys) was least preferred. 
These differences in piefercncc wcic subject to interference from 
the restricted runs, which equalized piactice somewhat. The purpose 
of the training series was not to make the runs in path 3 equal to 
those in the other pathways, but meiely to make sure that every 
child had a thorough acquaintance with the maze, deiived from 
repeated experience in each path. It was desirable that at the end 
of the training series a gieatcr preference should remain for paths 
1 and 2 than for 3. 

The test series, or senes of critical runs, were similar in all ex¬ 
periments Doors 1, 2, and 3 Aveie unlocked, but door G was locked 
for the first time m the child’s experience. It remained continuously 
locked thioughout the test seiics In Table 2, results for six experi¬ 
ments, and for five or more test runs, aic presented in teims of three 
p.atterns of luns. In the first pattern (x-x-3), the child letuins a 
second tune to the locked dooi, through another path; the succession 
of runs may be 1-2-3, or 2-1-3, oi even 1-2-1-3 In the second pat¬ 
tern (x-3), the child goes to the locked door thiough either I or 2, 
but thereafter runs directly to path 3. In the third pattern the child 
luns to 3 without attempting 1 or 2. In the first critical run, no 
examples occur of this last, since the critical series is iievci started 
except when the child is in path 1. A positive run on the first enti- 
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cal trial is defined as one in which the child, approaching the locked 
door through path 1, returns to the entrance, rejects path 2, and 
goes directly to path 3. It is, of course, recognized that a certain 
proportion of positive runs may occut through chance. This pro¬ 
portion IS) however, smaller than 50%, because a preference for path 
2 over 3 has been developed in the training senes, and also because 
in all expeiiments except Experiment V the child itiust pass the en¬ 
trance to path 2 before entering 3. 

Table 2 indicates the following: 

1. In Expeiiments I, II, and III the majority of the children 
make "failures" in the first test run—returning to the locked com¬ 
mon door through a second path. 

2. An increased avoidance of paths I and 2, leading to the com¬ 
mon path, is shown on subsequent runs Subjects who received 10 
or more test runs (not shown in the table) usually went directly to 
path 3 and made no further attempts to enter the common path. 

3. A repetition of the experiment with the nursery-school chil¬ 
dren showed an increased numbei of Initial failures and a slower 
elimuiation of failures in successive trials (Experiment II as com¬ 
pared with Experiment I), 

4. With the group of greater average age, in Expeiiinent III 
(59 months as compared with 42 months), no increased efficiency 
IS shown, tile comparison, however, is slightly unfair to these older 
childien, since their tiaimng senes was condensed to trials on a 
single day 

5. In Experiments IV and V there is some hint of a greater 
understanding of the pioblem This is supported also by a greater 
amount of secoiidaty evidence (verbalization, hesitation at the choice 
point, followed sometimes by a sudden rush into path 3). Even in 
these experiments, however, over one-fouitli of the children make 
failuies in the first critical test run. 

6 Expeument VI, with older children (mean age 133 months), 
is comparable in piocedure to Expeument III, The older subjects 
arc not markedly superior to the younger children in. the percentage 
of initial positive runs 

7. In the test runs subsequent to the fust ciitical test, five addi¬ 
tional trials are in nearly all cases sufficient to eliminate runs of 
the pattern x-.x-3 In Experiment I, runs of the pattern x-3 were 
also eliminated rapidly 
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Table 3 gives a compaiison of boys and pirls and also a comparison 
between the upper and lower halves of each group when divideil 
on the basis of CA and of MA. With respect to these compavisons, 
results were reasonably consistent m llic several expciiinents, and 
the data were tliercfoie combined. Experiment VI, with childien 
whose ages fall beyond the langc of the others, was not included. 
Table 3 indicates the folIowinR 

1. Tliere aic no significant sex diffcicnccs in the initial test 
runs, 01 ill the subsdiucnt cliinination of luns to the common path 

2. Youngei children perform better than oldci childien, par- 
ticulaily in the first test run (This is a consistent finding, in each 
of the five experiments ) 

3 Childien lower in MA pcifoim bcttci than childien higher 
in MA. (This isS also a consistent fmdinB ) 

Discussion 

1. The pioblom presented was th.it of reacting to a common 
path and common door. Evidence of such ie.iction, on the first 
critical test run, might consist of (a) verbal report, (i*) diawings 
c£ the ma 2 e (by the oldei childien), (e) hesitation at the choice 
point, followed by a dash Into the only path still open, oi (d) cor¬ 
rect choice of the open path. The lattci ciitcnon is not in the indi¬ 
vidual case conclusive evidence, foi a child might take tlie open path 
by chance, or by a generalizing of a conditioned avoidance to path 
1, without any specific rcpicscntation of the common "bad" features 
of paths 1 and 2 We have seen that in Expenments I, II, and III 
only a minority of the childien made correct or positive choices (X'3) 
on the first critical lutis, and this numbci of po'uttvc choices could 
have been achieved by chance. TIic bchaviot obscivcd in these ex¬ 
periments suggests that the childien tended to react to the pathways 
as separate units, and, m general, without a grasp of the total pat¬ 
tern of of the field relationships of this quite simple oiganization 
of paths. The evidence is negative with icfctcnce to the emeigcnce 
of ''inferential expectation" (3) It docs not appeal that the maze 
IS, m most eases, eompichendcd as a mc.iningful whole oi configura¬ 
tion, the indication is, rather, that its component pails elicit reactions 
of a “piecemeal" cliaractci 

2. It is possible (although we have no diicct evidence for It) tliat 
a return to the locked common dooi thiough another path, m the 
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first ciitical trial, may at times be dependent upon factors other than 
haphazaid or piecemeal reaction In all previous runs, during the 
training senes, the common door has been unlocked When the child 
approaches it through path 1 and finds it locked, he may formulate 
an hypothesis that it will be unlocked if he approaches it from an¬ 
other dnection When the child approaches the locked common 
door through path 1, m the first ciitical trial, he expciiences a frus- 
tiation which may m some cases lead to a simple avoidance reaction, 
but which in othei cases may conceivably involve taking path 2. 
Taking path 2 instead of path 3, therefore, would not be evidence 
of lack of insight concerning the common door, but would indicate 
an exploratory type of insight, at a higher level On the basis of 
present evidence, the wiitei is inclined to discount this possibility; 
the formulation of hypotheses, at these age levels, probably occurs 
so rately and so unsystematically that only an extreme over-reaction 
from the law of parsimony would lead a writer to assume their 
existence as important factors m maze learning Another more prob¬ 
able factoi may perhaps be inferied from l>ewin’s studies of the 
effects of inteirupting an activity It may be observed that when a 
child finds a door locked, he usually pulls at it again in a more 
vigorous manner, sometimes he turns away for a moment and then 
comes back and tnes again Frustration may heighten the stimulus 
value of the door, so that when he has an oppoitumtv to return to 
It from another path, he does so, recognizing the fact that he is re¬ 
turning to the same dooi ; the stimulus value of the locked door 
would, then, be greater than that of the open pathway (path 3) We 
cannot m the piesent evidence exclude the possibility that such fac¬ 
tors may have operated m certain cases These would be cases in 
which the child acted apparently without insight, while the truer 
interpretation would be that he had the idea of the common dooi, 
but thiough the operation of conArct factors was unable to use this 
idea intelligently We cannot assume that the behavior was due to 
lack of motivation, obseiyational data, time lecords, and tlie evi¬ 
dence concerning the decline of x-x-3 runs in successive test trials 
(Table 2) show tliat the children were, in general, motivated to 
find an open exit rather than to linger in the maze The typical be- 
liavior at a locked door is strongly indicative of fiustration and of 
incentive to find an exit. 

3. The smaller piopoition of failures in Experiments IV and 
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V calls for comment. It is apparent that in the tiaining icites ver¬ 
bally imposed restiictions aie more advantageous for the subject 
than the method of icstiictmg runs by tempoiarilv locking intermedi¬ 
ate doors. Encountering a locked dooi is more likely to produce 
confusion (in the preliminary stages of getting acquainted with the 
maze) than simply being told, “Now try .mother path ” Even un¬ 
der tlie moic favorable conditions of vcibid contiol by the experimen¬ 
ter, over one-fouith of these childien, fioin four to eight yeais of 
age, sliow an absence of disciiminatoiy behavior in the initial test 
run. 

4. If insight and ideational Icninmg were significant factors in 
these experiments, wc would no doubt expect .i superioi perfoimancc 
from older, and from mote intelligent childien. The fact that more 
intelligent childien make mote failures than the less intelligent is 
hardly to be anticipated, but may be expLuned in terms of fixation. 
Older, more intelligent childien more easily become steicotyped in 
their maze behavior. As a icsult of the training sciics (in which 
they have chosen path 2 more frequently than path 3), they peisist 
in the ciioice of path 2 even undci changed conditions which make 
this reaction no longer suitable The younger and less fixated sub¬ 
jects arc ficcr, at the choice point in the maze, to respond eitlicr by 
chance, or, in a few cases, with reference to an explicit lecognition of 
the maze pattern This explanation is consonant with tlic finding 
that in the spime gioup of childien an extension and repetition of 
the training senes (Expeiiment III) results in an increase rathci 
than a decrease of failures in the first test lun. 

5. The increased avoidance of the common path, shown on test 
runs subsequent to the initial ciitical run, is similai to results ob¬ 
tained by Hsiao (2) Hsiao considered that this was explainable 
in terms of insight, whereas the present wntei, in agreement with 
Tolman and Honzilc (4) consideis that only the fiist test urn was 
critical for insight In the present experiment, it is the writer's 
contention that the increasing peicentage of positive runs (direct to 
path 3) is readily interpietable in terms of recency factois, and of the 
development of specific avoidance to patli I and to path 2 The data 
are regaided as compatible with theories of learning by conditioning, 
01 by piecemeal acquisitions in the course of trial and enor. The 
experimental conditions desciibcd aie legardcd as peimitting the 
child to become acquainted with all of the factois wlucli aic ncccs- 
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sary for insightful belmvior, but the behavior observed is only rarely 
suggc-^tive of insight, ideational response, oi of “stiuctured” response. 
If such phenomena aie to be demonstrated in childien of these ages, 
other procedures must be sought than those ■which are involved in this 
simple maze situation. 
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UNE fiTUDE EXP^RIMENTALE DU COMPORTEMENT DES 
ENFANTS DANS UN COMPLEX,E SPATIAL 
(RfsumS) 

On rapportc une s^ne de six exp4rieoccs, ou il s’agit des rdactions des 
enfants dans iin labynnthe de grandeur naturelle On a teste approxima- 
tlvcment 100 enfatits, agis de 2-1 2 a 12 ans On a utilise un labycmthc i 
troia routes, dont deux se sont unies dans iin deinier sentier commun, pen¬ 
dant que la troisi^mc route s’est terminee, ea employant des detouis, en 
une soitie separ^c On a piojcte les experiences dans le but ilc tester le 
d4veloppement des repoD'ses “intiiitives” h la foime du labynnthe L’ap- 
prentissagc s'est montre, mats une analyse de plus de 3000 dpreuves indlquc 
que les enfants ont tendii a reagir aux sentiers comme unites separdes, et 
en general sans unc comprehension des rappoits I'un a I’autie de cette or¬ 
ganisation tout simple tie scnbeis On consideie les clonuses comparables 
aux thrones tie I'apprentissage pat le conditionnement, ou par les acquisitions 
d’cssai-erreur au hasaul On considdre que les conditions exp^rimentales 
employees permettent 4 I'enfnnt de connaitre tons lea factems n^cessnlres au 
compoitement Intuitif, mais le comportement observe ne sugg^re que laie* 
ment I’intuition, la reponse td4elle, ou la teponse “construite ’’ 

Batalla 


EINE EXPERIMENTELLE UNTERSUCHUNG KINDLICIIEN 
VERIIALTENS BEI RAUMLICIIEM BEGRIFF 
(Referat) 

Man berrichtet iiber seclts Experimcnte uber die Reaktionen von Kmclern 
in einem lebensgiossen Labyrinth Es wurden ungefaUr 100 Kinder im 
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Alter von bis 12 Jahren gepruft Man gebraiichte das Drelwegelaby- 
n'nth (three-route maze) , zwei Wcge fuhrtcn in emen gememsamen 
Endpfad, wahrenddem der dritte auf cinem weitlaufigen Weg zii einem 
Separatnusgang fiihrte. Uie Expenmente wurden geplanl, um die Entwick- 
lung der “einsichtigen” Reakcionen auf cm Labynnth zu prufcn Man 
konnte cm erlcrnen nnchweiacn, nbcr die Analyse von uber 3000 Vcrsuchcn 
zeigr, dass die Kinder die Tendenz haben, auf die Pfnde als getrenntc 
Einheiten zu reagieren, und im Allgemeinen die Feldbeziehiing dicser reclit 
einfachen Organisation der Pfade nicht verstelien Die Angaben duifcn 
verglichen werden mit den Theoiicn uber das Erlerncn diirch Erstellung 
bedingter Reflexe, oder durch sliickwcise Aneignung aufs Geiatevvohl Die 
gebraiichten experimentellcn Bcdingiingen gestatten dom Kinde wohl mit 
alien Faktoren bekannt zu vverden, die fur einsiehtiges Verhalton voraus- 
gesetzt werden musaen, abet das beobachtete Verhalten weist selten auf 
Einsicht, ideele Reaktion, oder “strukturierte" Reaktion hin 


Batalla 



A STUDY OF INDIVIDUAL DIFFERENCES IN 
ASSOCIATIVE CAPACITY* 

From the heparlineut of Psyc/ioloffy of Temple University 

Richard S. Harter 


I Problem 

Many inteipretations and criticisms of association theory have 
been developed, such as Hollingworth’s theory of ledintegration, 
Pavlov’s conditioned reflex, Watson’s idea of oiigmal movements, 
and the configurational theory of Gestalt Certainly it is tiue that 
few attempts have been made to study the quantitative aspects of 
association. The reason for this, no doubt, is that few investigators 
have caied to make an experimental analysis of association. A sur¬ 
vey of the Jiteiature bearing on association shows, also, that no 
investigator has attempted to account for individual diffeiences in 
associative capacity 

The purpose of the present investigation is (1) to make a quan¬ 
titative study of individual and sex differences in associative capacity, 
and (2) to determine the structural elements in tins capacity. 

II Material and Method 

In order to study the structure and individual differences found 
in associative capacity a very simple associative test was used and 
administered to elementary classes in psychology at Indiana Uni- 
versitv 

Our analysis involved the use of a trat which we called ‘The 
Indiana University Test of Associative Capacity.” This test con¬ 
sists of many repetitions of different codes which are learned as 
simple associations Directions foi the giving of this test aie shown 
in the sample test which follows* 

DIRECTIONS FOR TEST OF ASSOCIATIVE CAPACITY 

This IS not a test of intelligence, it is a test of your ability to make 
simple associations of the sort you made when you learned the multiplica¬ 
tion table ' 


* Recommended by G S Snoddy, accepted for publication by Carl 
Murchison of the Editorial Board, and received in the Editoual Office, 
February 21, 1933 
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On the sheets underneath you will see at the top of the page one line 
of numbers and one line of letters Each letter is below a number and 
represents the mimber above it Below the two lines at the top of the 
page arc two columns of numbers. At the right of each number, apace 
is left for you to write the proper letters. 

Here la a aampla 

5 9 + 3 76 

b e t c 0 a 


+9,d3S 

0 

O 

a 

o 

B 

Note that the letters corre¬ 
spond to the numbers 

63,495 ! 

rt 

0 

i 

1 i 

o 

H 

The fiist letter coriesponds 
to the first digit, etc 

53,697 

0 

■ 

0 

i 

B 

Fill out the letters in the 
blank spaces 


You will turn tlie page, when the signal is given, and fill out as many 
spaces as you can in the time allowed Try to learn the combinations 
but do not stop to study them Write down as many letters as you can 
In the time given. 

(Sample of blank to be filled out by subject) 

Code 

+ 851 9 2 7 5 3 

efamerboi 


84,976 

■ 

B 

■ 

B 

B 

27,516 






75,821 

i 

B 

B 

B 

B 

37,821 






63,415 

B 

B 

B 

B 

B 

97,413 







E,\peihne7ii I. Here we used the direction sheet as shown above 


and five substitution sheets with codes 

as 

follows 


(1) 

4 

8 

6 

1 

9 

2 

7 

S 

3 


c 

/ 

a 

m 

e 

t 

b 

0 

t 

(2) 

5 

2 

7 

4 

8 

6 

3 

1 

9 


t 

£• 

e 

a 

m 

f 

0 

f 

h 

(3) 

6 

3 

5 

9 

2 

7 

1 

8 

4 


in 

a 

r 

f 

0 

e 

b 

e 

t 

(4) 

2 

7 

1 

8 

5 

3 

9 

4 

6 


f 

0 

r 

t 

a 

b 

m 

e 

0 

(S) 

i 

5 

9 

6 

4 

2 

8 

7 

1 


e 

m 

» ^ 

f 

r 

a 

0 

i 

c 


The time given for each substitution sheet was thicc niiiiutes in 
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which to work, and a two-minute rest inteival was allowed between 
successive repetitions to avoid fatigue 
Experiment 11 In Experiment II we used the diiection sheet 
as shown on page 140, but one and the same code was used for ten 
successive repetitions The time was reduced in this experiment, 
one minute being allowed for each repetition in which to work, and 
one-ininute inteival between successive repetitions for rest 

E\petiment 111 A fuithei analysis of our pioblem involved the 
use of certain of the materials in our first cxpeiiment with some 
significant supplementations Here we used the same directions and 
the five substitution sheets with codes as dcsciibed in Experiment 
I. The time given for each substitution sheet was also the same 
as that used in Expeiimcnt I. In addition to the above material, 
howcvei, a letention sheet was used, and, aftei the student com¬ 
pleted his three-minute work period, he was asked to look at a 
code on the retention sheet and leisurely write the proper letters 
for the coriespondmg nuinbeis ot the code This supplementation 
was intioduced to see how well the students were leaining and 
ictaining the code 

III. Results 

1. Individual Diffeiences in Associative Capacity A suivey of 
the data of Expeiiment I shows that theie aic wide vaiiations among 
individuals in performing this task A study of the scoies obtained 
from 247 students (Table 1) levcals a wide lange of vniiation for 
each of the five lepetitions of the experiment 
Standaid deviations (Table 2) show that the degree of varia¬ 
bility IS about the same for each repetition, winch indicates that 
practice does not tend to eliminate the diffeiences found in associa¬ 
tive capacity, 

Correlations of +.78, + 81, and + 84 obtained between the sec¬ 
ond and thud, thiid and fourth, and fouith and fifth repetitions, 
lespectively, of Experiment I prove furthei that the difteienccs 
are not canceled as a result of piactice, but approach a constant. 
The final proof of this constant is reached in oui Experiment II 
In Older to analyze and study moie accuiatelv the problem in¬ 
volved in associative capacity we used Experiment II, which is com¬ 
posed of ten successive repetitions of one code. Table 3 indicates 
cleaily the variability of peifoimance of 145 freshmen students who 
acted as our subjects foi this experiment. The scores show gieat 
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variability and one just as maiked as that which we found in Experi¬ 
ment 1 Here we used the same code tluoughout the ten icpctitions, 
while in Experiment I the code was different foi each repetition. 
Regardless of the many lepetitrons of the same code, tlic individual 
differences peisist, and, with this in mind, it is intcicstmg to study 
Figure I, winch gives the quartilcs for each icpetition These quar- 
tiles present conclusive evidence that, instead of a cancellation of 
individual diffeienccs due to practice, there is a maintenance of the 
differences throughout the piactice, that is, the qiiai tiles show that 
the superior performers stay superior, on the average, and the aver¬ 
age and inferior pei formers aie unable to cut down the lead of the 
superior subjects Also, a studv of Figure 1 indicates that the 
middle and lower quartile groups have reached the extent of tlicir 
ability in this function, while the uppei quaitilc gioup is still im¬ 
proving and gaining in ability. Projections of tlic curves show that 

TABLE 1 


Frequency for Each of Fivp Repetitions 


Scores 

Past 

Repetitions 
Second Third 

Fourth 

Fifth 

30- 39 

1 





40- +9 

11 

1 



2 

50- S9 

27 

7 

8 

5 

2 

50- 69 

S5 

19 

15 

12 

12 

70- 79 

61 


50 

37 

31 

80- 89 

47 

61 

56 

51 

40 

90- 99 

27 

55 

57 

59 

61 

100-109 

16 

44 

41 

53 

61 

110-U9 

2 

16 

14 

20 

22 

120-129 


5 

4 

6 

7 

130-139 


1 

2 

4 

6 

140-149 





3 


Total number of 

8tndent8=247 




TABLE 2 



Quartiles, Means, and Standard 

Drvi^TioNS 

FOR 247 

Sudjects 


IN Experimfnt I 



Repetiuons 

Qs 

Q. 

Q. 

Mean 

S D 


U.S 

75.0 

64 2 

75 4 

IS 5 

2 

101 0 

89 6 

79.1 

S9 6 

16,1 


99 9 

89,0 

77 8 

89 1 

160 

4 

10+0 

93 0 

81.5 

92 8 

16 0 


106 2 

96 0 

83 7 

95 3 

163 
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TABLE 3 


Qi;4RTJLn Deviations, Mcans, and CoumctcNTs or VariadilitV 



FOR 145 Subjects in Experiment 


II 


Repetitions 

Qz 

Qi 

Qi 

Quartile 
deviation (Q) 

Mean 

C. V 

1 

312 

26 6 

21 2 

5 0 

26 3 

18 7 

2 

37 9 

33.5 

29 5 

42 

33 5 

12 5 

3 

40 1 

35 7 

31 0 

45 

35 8 

12 6 

4 

43 7 

38 1 

328 

54 

38.8 

141 

S 

46 6 

41 0 

35 9 

5 3 

41 7 

12 9 

6 

48 1 

42 5 

37 0 

5 5 

42 7 

129 

7 

50 6 

‘14 0 

38 5 

60 

447 

13 6 

8 

55 5 

47 9 

41 6 

69 

48 6 

14,4 

9 

57.2 

49 2 

42 7 

7.2 

50 2 

146 

30 

59 C 

50.4 

42 1 

84 

504 

166 


individual diffeiences "vvill mciease gieatly from the tenth repetitiorit 
While our quartile lines have shown decisively that individual 
differences are maintained throughout practice, it is, of course, 
possible that the individuals oi subjects may be changing places in 
a way to compensate for a possible constriction. Correlations will 
dispose of this difficulty 

Correlations obtained between pairs of successive lepetitions of 
Experiment II present an interesting picture indeed. 


First and second repetitions 

.65 

Second and third “ 

.69 

Thud and fourth " 

.72 

Fourth and fifth 

.84 

Fifth and sixth “ 

.83 

Sixth .and seventh " 

.78 

Seventh and eighth " 

.87 

Eighth and ninth “ 

84 

Ninth and tenth " 

.81 


From these coirelations it is seen that there is piobably a con¬ 
striction 01 coming-togcther of subjects during the adaptation peiiod 
of four lepctitioiis, but, after this, tJie correlations aveiagc a con¬ 
stant, which indicates that there is no tiend of any sort towaid a 
cancellation of individual diffeieiiccs or change of places among 
subjects The diffcicnces that prevail at the outset oi adaptation 
stage of learning lemain constant oi tend to increase dining the 
facilitation stage of leaining We have designated the early stage 





0 i Z :5 ^ S ^ 7 & 9 10 

Rep<Blltions 

FIGURE I 

Quartiles fOR 145 SuBjtcra—E xperiment II 

of the learning curve ’vvheie constiiction takes place “the adaptation 
stage," and the rcmamdei of the curve whcie itwlividual differences 
are more constant, “the facilitation stage” 

It is acknowledged by the majority of psychologists that, if the 
differences involved m any leaimne function are not due to past 
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training) then they rest upon the physical state of the subject or 
are the lesult of inherited capacity. If the differences at the begin¬ 
ning of practice aie due to inherited capacity, then practice would 
either increase these differences or maintain a constant, while, if 
the differences befoic practice aie the result of training, then, with 
equalized practice for all, the differences would tend to be eliminated. 
The results of Experiments I and II show that there are wide dif¬ 
ferences in associative capacity and that they persist regardless of 
the amount of practice involved 

Efficiency and retention. We thought that the diffeiences 
shown in Experiments I and II might be due to superior ability of 
the superior performers to retain the symbols of the code, so Ex¬ 
periment III ^Yas given to 200 students A rather interesting dis- 
coveiy was made here, for we found that statistically the slower 
performers weie just as capable and eflfcicnt in retaining the sym¬ 
bols of the code as the faster peiformers. A correlation of only 
17 ± .033 was obtained between the ability to retain symbols and 
the ability to substitute, which shows that the slower performers 
retain about as well as the faster performers. Enough has been 
shown to prove the existence of variability among individuals in 
associative capacity This variability is not the result of training, 
or even of learning, therefore, it would seem, from Experiment 
III above, to be a matter of speed of functioning of neural patterns. 
Individuals diffei in then capacity to nuike and record associations 
due to this speed-of-functronrng prinaple. 

2, Sex Differences in Associative Capacity Our study of sex 
differences shows that the girls are far superior to the boys in asso¬ 
ciative capacity The difference is so great between the 139 male 
and the 108 female subjects that the experimental coefficient, Mc¬ 
Call’s device for showing reliability of a difference, will aveiage 
2 36 for the sum of the fourth and fifth repetitions of Experiment 
I, which indicates a difference too great to be due to chance. Table 
4 gives the quartiles, medians, means, and standard deviations for 
the male and female subjects. 

The sex diffeiences manifest in our study aie sufficiently large 
to be icgardcd as an important phase of the problem The girls 
as a group are speedier than the boys and possess superior ability 
at all levels of the learning, 
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TABLE 4 


QuARTiLEg, Medians, Means, and Standard Deviations for 108 Females 
AND 139 Males in Experiment I 


Repetitions 

Qi 

Q> 

Qi 

Median 

Menn 

S D 

1 

101 6 

108 
80 8 

Females 
72 0 

27 7 

81 0 

22 2 

2 

ma 

96 7 

86.2 

96 6 

95 9 

IS.l 

3 

104 6 

94 7 

83 7 

94 6 

94,5 

IS 6 

4 

107.8 

98 2 

87 5 

98 7 

97 9 

152 

S 

109 1 

101 2 

90 0 

101 0 

100 6 

14 3 

1 

81 1 

139 

69 2 

Males 

61 t 

69 1 

71 1 

15 0 

2 

94.9 

84 8 

74 5 

8+7 

847 

IS 3 

3 

95 6 

84 6 

74.2 

84 5 

85 0 

16 0 

4 

99 2 

891 

76 7 

89.0 

884 

16 3 

5 

102 3 

92 5 

78 3 

92 5 

912 

130 


3 Stiuctnre and Process of Leaintiig Involved tn Associative 
Capacity Our study of the differences in associative capacity ap¬ 
pears to conform with those of Thorndike, Starch, and Whitley 
in that piactice does not deciease individual differences Realiza¬ 
tion of these significant differences aroused oui interest and led us 
to inquire into the structural basis of the differences we had found 
in associative capacity Since we were convinced that these differ¬ 
ences m associative capacity were due to a structure of some kind 
that w^as capable of functioning at a certain rate, we analyzed this 
learning piocess further to seek a logical structural basis for these 
differences 

The leaining piocess involved in our study is something like the 
following. Aftei the learner has made himself acquainted with the 
directions for the test, he pioceeds as follows* As in the sample 
on page 140, the learner is first confionted with the numbei 49,635 
He secs the number 4 and then looks in the code and finds the letter 
tj which is the symbol foi 4 Then he proceeds to tlie next figuic, 
which IS 9, and he finds m the code the lettei e, which is the cor¬ 
rect symbol foi the number 9 The leainer continues such a process 
until he does not have to refer to the code, from which time his 
efficiency ts mcicly a matter of the speed of appearance of the 
coriect symbols foi the numbeis of the test In other words, we 
are dealing with a senes of events which is first spread out In time, 
then, as the act is lepeated, this succession of events undergoes con- 
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stnction. In the process of constriction successive elements move 
toward simultaneity of occurrence, which leads to a cancellation 
and droppmg-out of some of the elements. The dropping-out of 
the looking-at'the-code step is made possible by the appearance of 
the visual image of the code, which is followed by the writing of 
the symbol. With moie practice, the visual image drops out and 
the sight of the element in the substitution sheet is followed at once 
by the writing of the correct symbol. Nothing has happened but 
a temporal contraction of the events in the oiiginal senes A syn¬ 
thesis of elements has taken place by a pioccss of telescoping. This 
can be seen by an analysis of any one of the steps usually conceived 
of as discrete Tiuis the actual visual image of the coirect symbol 
IS Itself not a discrete or static thing, but instead is a sequence of 
events such as adjusting the eyes to the code, incipient movements 
of writing and so on—a sequence that has already undergone a 
large amount of contraction with a droppmg-out of non-essentials. 
The coordination is not a sequence of discrete elements such as a 
succession of dots on this page, but rathci a group of parallel hori¬ 
zontal lines which overlap, forming staii-stcps A pile of boards 
at the lumber yaid with the higher boards receding gradually is a 
good figure A coordination, or any analyzable pait of a cooidina- 
tlon, is such a pile As learning proceeds the overlapping is in¬ 
creased. Thus elements at the beginning in clear succession undcigo 
such a contraction that later elements appear not only earlier but 
in part simultaneously with their predecessois. It is this simul¬ 
taneity of occurrence which leads to the droppmg-out of non-essen¬ 
tials, The view here proposed is similar in foim to the Gestalt 
conception of “closure ” It was presented by Snoddy in his analysis 
of mnroi-tiacing m 1920 and in a latei study in 1926 


IV. Interpretation of the Re&ults 

Piesent theories of interpreting associative capacity, such as those 
of Hollingworth, Pavlov, Watson, and the Gestalt conception, are 
not adequate to interpret our data since they cannot be reduced to 
a functioning base 

Hollingworth (7) and Watson (24) ignoie the question of differ¬ 
ential capacity, consequently they do not support their theories with 
a physiological basis 
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Pavlov and the Gestalt psychologists realize the necessity of 
physiological explanation, but their interpretations do not suffice 
for oui study because of their failuie to present material concerning 
individual differences 

Our findings show that the slowest performers when given ade¬ 
quate time in a lecall test can record as many accurate associations 
as the more rapid performers. At once we see that individual differ¬ 
ences must tuin on speed of futicttotung, rathei than upon speed 
of fonnatio7i of associative patterns, which is learning as usually 
conceived Furtheimore, piactice does not reduce or cancel individual 
diffeiences found at the beginning of learning The absolute rate 
of improvement falls as piactice proceeds, hence our superior sub¬ 
jects cannot have reached their high position from experience, since 
this would have led to a low rate of impiovement, and their supei- 
loritv would have been reduced gieatly by the inexperienced subjects 
with high rate of improvement. Our individual differences are 
real, final, and arc not due to experience. They must be due to the 
speed of functioning of physiological patterns or adjustments 

The results obtained m tins study confiim tlie results Snoddy 
found m an entirely different peifoimancc, mnror-tracing. He 
likewise found that piactice docs not alter individual differences, 
and that a basic capacity of some nature—in particular, he pi oposes 
stability or enduiance capacity—is necessary to explain individual 
differences. Every noimal individual possesses initially the capa¬ 
city to go over the steps of our simple task, and it is our view that 
the differences that exist among individuals in associative capacity 
arc to be explained in terms of diffeiences m the time of function¬ 
ing, which, in turn, depends upon the stability or the endurance 
capacity of these sensoiimotor patterns to endure stimulation; thus, 
we find here the same basis for the leaining as proposed by Snoddy 
for motor learning. In othei woids, the stability or enduiance 
capacity of sensoiimotor patterns determines how much stimulation 
a pattern of coordination can endure It is not a matter of the 
ability to establish certain connections oi form associations, for the 
differences are not due to formation of the patterns, but lather to 
the speed of functioning of those already there. Learning is merely 
tlie inciease of the ability to endure stimulation The total pattern 
is there at the beginning; it undergoes contraction which involves 
the droppmg-out of many elements, the increase of stability, and the 
increase of speed of functioning. 
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V Conclusions and Summary 

In this study of the structuie of, and the indlvuhial differences 
involved in, associative capacity we have used a simple test of 
associative capacity and have attempted to explain the stiucturc and 
differences involved in associative capacity 
We have found m a special study of digit-symbol retention under 
conditions of slow recall, aftei large individual diffeienccs had been 
establislied through repetition, that the very slowest subjects were 
as efficient as the faster performers in number and accuracy of 
retained elements This presents a most important point in this 
study, for the individual differences in associative capacity thus 
seem not to be due to learning or retention as usually conceived, 
but rather to ceitain differences in speed of functioning 
The individual differences persist thiough all the repetitions of 
tlie test, therefore practice docs not reduce oi cancel the diffeienccs 
found in the outset of learning. Rather, the differences aie main¬ 
tained tliroughout extended practice, which shows that tlic variation 
among individuals is not due to past experience. 

Since past experience or learning is not responsible for the difte^ 
ences in associative cap.acity, it appCiTrs that n capacity of some nature 
IS necessary to explain the differences involved in this function This 
capacity is not a matter of the formation of associations but simply 
a matter of the speed of functioning of total patterns Our results 
show varying degrees of performance, and this variation is reduced 
to the stability or endurance capacity of neuiomusculai p.itteins to 
endure stimulation. Large sex differences were discovered in this 
study, and the higher efficiency of the girls in making substitutions 
is conceived to be due to their greater speed of function. 

In an entirely different study, mirror-tracing, Snoddv bns found 
that neuromuscular patterns possess a specific stability and endurance 
capacity, and that individual diffeienccs involved in his study and 
in similar abilities could be reduced to the stability or endurance 
capacity of neuromuscular patterns to endure stimulation 
The stability of the patterns involved in associative capacity seems 
to depend upon the neuiomusculai apparatus, and the efficiency of 
this appaiatus seems to depend upon ceitain giowth processes, and 
also upon its inner state, which, in turn, would be expected to vary 
consider,ably with variations in health, heredity, and emotional state 
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UNE ETUDE DES DIFrERENCES INDIVIDUELLES DANS LA 
CAPACITY D’ASSOCIER 
(R6sum^) 

Dans cette itude de la structure de la capacit6 d'essocicr et des diff6Tcnces 
que I’on y trouve, on a employ^ tin simple lest de enpneltd cl'nssocicr et 
Ton a essay^ d’expliqiier la structure et les differences Individiicllcs que I'on 
y trouve. 

Dann une ftude spicialc de la retention dcs chiffres et des 'lymbolcs dans 
les conditions d’un rappel lent, apris que de ginndes differences mdivIcUiclIcs 
s'etaient etabliea par repetition, les sujets les plus Icnts sc sont monties aussi 
capables que les plus rapides d Ngard dit nombre et de I'cxactitiicle dea 
eUments retenus Cela presenle nn point tres unportant dan'» ccUe etude, 
car les differences individuelles dans la capacitc d’associcr scmblent ainsi 
n'etre dues ni d I’apprentissage ni h la retention selon leiii conception ordi¬ 
naire, mats plutdt e ccitaines diffeiences dans In vitesse dn fonctionnemcnt 

Les diffecentes individuelles pctsistcnt dans toutes les repetitions du test, 
alnsi I'eveicice ne reduit m ne rend nullea diffeiences tioiivees au commencc- 
rnent de I’apprentissage Phitot, les differences se mainticnnent dans I’exer- 
cice etendii, ce qui montre que la variation entre les individin n'est p.i8 due 
i I'experience antciicurc 

Les resultats montrent des degres variants de la capacite d’executei, et 
cette variation est leduite e la stabilite ou i la capacite des formes neiiro- 
musculaires de supporter la stimulation On a decouveit de giandes differ¬ 
ences de sexc dans cette ^ude et I’on croit que la plus grand capacitc des 
nlles de faire dea substitutions cst due a leur plus grande vilcase dc fonction 


Hartfr 
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EINE UNTERSUCHUNG INDIVIDUELLER UNTERSCHIEDE IN 
DER ASSOZIATIVEN PaIIIGKEIT 

(Referat) 

In dieser Untersuchung der Stiuktur und der Jndividuellen Unterschicde 
der flssoziativen Fnhigkeit gebrauchteo wii einen einfachen Test fur die 
assoziative Fahigkeit und veLsuchtea die damit verbiindcne Stiuktur und 
mdividuellen Unterschicde 7u erklareo 

In einei besonderen UnCeisuchung uber das Behalten von Ziffersymbolen 
unter den Bedingiingen eincr Inngsamen Bnnneiung, nnch dei Eistcllung 
grosser individueller Unterschiedc durch Wiedeiholiing, fanden wii, dasa 
die langsamsten Versuchspeisotien so leistungsfahig waren wie die schncll- 
sten in Bezug nuf Anzahl und Genauigkcit behaltener Elemcnte Dies 
stellt einen sehr wichtigen Punkt diescr Unteisuchung dai ; den darnach 
scheinen die mdividuellen Unterschiede in der assoziativen Fahigkeit nicht 
nuf dem Leincn oder dem Behalten zu beruhen, wie sie gewohnlich ver- 
standcn wcrdcn, sondern eher aiif gewiasen Unterschiedcn in der Ge- 
schwindigkeit der Vernchtung 

Die mdividuellen Unterschiede bcstehen hartnackig diiich alle Wieder- 
holungen des Tests, Ubung vermindert oder annullieit daher die Unter' 
schiedc JJJchr, die am Aii/aiig des Leniprozesses iesigcslelit werden Die 
Unterschiede weiden eher durch die aiisgedehnte Obimg ethalten, was zeigt, 
dass die Variation unter Individuen nicht auf vergangener Eifahrung 
beruht. 

Unseie Ergebnisse zcigcn varierendc Giade der Leistiingsfahigkeit, und 
diese Variation lasst aich auf die Stabiiitat oder Ausdauei neuro-muskuloser 
Muster (neuio-muscular patterns), Reize zu ertragen, zuiuckfiihien Wir 
stellten m diesei Untersuchiing grosse Unterschiede zwischen den zwei 
Geschlechtcrn fest, die giossere Eeistungstahigkeit der Madchen in der 
Erstellung von SubstitiiCionen beruht wohl auf ibier giosseren FiinktionS' 
geschwindigkeit 


Harter 



CASE STUDIES OF MATURE IDENTICAL TWINS* ^ 
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In the study of tvvin-siimlaiities as an approach to the problem 
of untangling nature and nurture eftccts, the data obtainable from 
mature identical twins have been almost entirely neglected ^ Much 
argument has taken place conceining the tendency of twins to 
grow more oi less similai as they glow older, but the studies 
undertaken have been linnited largely to school children. Con¬ 
sideration of the underlying aigumeiit suggests that more significant 
data aie to be obtained from the mtensive study of pairs of 
mature identical twins Such data aie valuable for study of 
effects of differences m training and experience winch continue 
over a period of years The results should be readily inteipret- 
able when sufficient case studies have accumulated, as the differ¬ 
ences in environment arc often quite distinct and specific as to 
type, but quantitativclv clififerent foi vaiious cases, so that com¬ 
parative analysis will ultimately be possible. 

Because one docs not know m advance what factors to study, 
and because trends of present-day thcoiy give the procedure ample 
justification, the presentation of detailed data on single pairs seems 
desirable. These intensive scmi-cIinical studies with small num¬ 
bers of cases can never solve the pioblcms completely, but tliey 
do furnish valuable clues and may serve as a foundation for effi¬ 
cient statistical studies which will enable one to determine the 
facts with gieater precision. 


•Accepted for publication by Carl Murcliison of the Editorial Board 
and received in the Editorial Office, Febuinry 1933 
^Thi8 study was undertaken as part of an intensive research on twins 
which the writer conducted at Stanford University, ns Social Science Re¬ 
search Council Fellow Grateful acknowledgment is made to Di Lewis 
M. Terman for helpful advice and criUcism throughout the course of the 
investigation. The writer is also indebted to Dr II S Conrad, Dr R C 
Tryon, and Dr H. E Jones, who read and cntici/ed the manuscript 
Attention is called to the work of Newman (9-1+) and Muller (7) 
These are studies of mature identical twins who have been reared apart 
This technique is especially valuable, but m view of the fact that such 
cases are comparatively rare there is a very real advantngc in making 
use of the additional raaterjal to be obtained from study of all available 
pairs of mature identical twins 
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With such considerations in mind, intensive data have been 
secured on over 40 pairs oi twins, including 10 young and 10 
mature identical pairs It is hoped that an accumulation of this 
type of data will help in the attempt to evaluate the contributions 
of specific types of envii onmental factors. The case heie re- 
poited, which is the thiid in the senes of mature paiis studied by 
the present investigator, leveals some of the advantages and dis¬ 
advantages of intensive study of matuie identical twins as an 
approach to the study of nature and nurture effects It is an 
account of a pair of twins whose environments have been very 
similar in eaily life, but different during adult life, in spite of 
sepaiation for a period of 20 yeais, and in spite of ceitain very 
distinct differences in environment, the twins show veiy slight 
differences in personality, and have remained remarkably similar 
m mental ability. 

Some of the other mature pairs who have been studied by the 
wntei (3) do show consistent differences. These cases are especi¬ 
ally interesting, but it would be a mistake to considei them of 
any greater theoretical importance The peculiar effectiveness of 
strange phenomena for gaming our inteiest must not blind us to 
the importance of findings which happen to be in line with more 
conservative theory In the present case, there is an environmental 
difference which did not cause the twins to become diffeient — 
and It might have It may be that there are factors working in 
both directions, which balance each other and make the problem 
more complicated than it appears on the surface. Such individual 
case studies as are here presented provide the data to answer cei¬ 
tain questions definitclj', and incidentally provide many suggestions 
which need to be verified by further research. 

Case III. Twins L A and D. A 

Twins L A and D A are women, 43 years of age at the time 
of tile examinations By use of the techniques outlined by Bon- 
nevie (2), Dahlbcig (4), Muller (7), Siemens (17), Newman 
(8), and others, the twins were diagnosed as monozygotic Since 
they are of the extremely similar type, this diagnosis was easy, and 
there can be haidly the slightest doubt of its accuracy However, 
detailed data on physical resemblances arc presented because of 
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the possibility that degiec of physical similarity is indirectly related 
to development of similarities in pcisonality and achievement. 

Careful examination of photographs of the twins taken at the ages of 
2 3 4-, 5, 12, 16, and 20 years showed striking aiiiulaiity at all these 
ages D and L are very much alike, even in coiriparisou with other mono¬ 
zygotic twins At a time shortly before the examiner’s first visit, one of 
D’s young sons (aged 5 years) mistook L for hia mother I The twins 
live in small towns, not far apart, and it is a fiequent occurrence for 
friends to mistnke one for the othei When either twin visits the town 
m which the other lives, she is likely to be greeted by persons who are 
total strangers to her, but who know her twin. Tabic 1 presents some 
numerical data concerning physical resemblance 

TABLE I 


Physicai RESPMni.AWcp of the Twins 




L A 

D A 

Helglit in inches 


66 75 

67.00 

Weight in pounds 


200 

180 

plead size a Length 


18.0 cm 

18 0 cm 

b Width 


U8 cm. 

14 7 cm. 

Eye color 


Brown, very 




dark 

Same 

Plair color, at present 


Gray 

Same 

formerly 


Daik f)jo\vn 

Same 

Ear form 


Small, no 




free lobe 

Same 

Strength of grip, 

R 

36 0 kg 

28.7 kg, 

Av of 3 trials 

U 

31,7 kg 

26.3 kg. 

Speed of tapping, 




Av of 3 trials 

R 

69 0 

68 0 

of 10 sec each 

L 

62 0 

58 5 


The twins can wear each other's shoes, stockings, hats, and gloves L’s 
coats and dresses arc somewhat larger at present, although when younger 
there were absolutely no differences 

Their great physical resemblance is indicated by the fact that persons 
seeing them together alwayt guess them to be twins Their friends, rela¬ 
tives, teachers, etc,, and even their ovsn father, could not tell them apart. 
It takes a long time for persons to learn to distinguish them, and some 
have never been able to do so Their fathei once spanked D twice, at 
the age of 12, under the Impression that he was punishing both twins 
He never tried to learn to distinguish them (according to report^, as he 
felt it made no difference in any way, and he regarded them as equivalents. 

Asymmetry 

No intensive study of asymmetiy has been made, but some of the infer- 
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mation available contributes to the problem incidentally D states that 
her left eye is better than her right, L reports that both eyes ace equally 
well Both twins aie right-handed, and there is no indication of any 
early tendency for one to be left-handed or ambidextrous. L has a son 
who IS left-handed, and D hag a son who was a mirror-wnter and mirror- 
reader The general indication is one of the aame-sided symmetry for 
P and L. 

Finger-Prints 

The finger-prints of the twins were examined, using the techniques out¬ 
lined by Bonnevie (2). Table 2 shows the quantitative values for each 
finger separately 

TABLE 2 

Showing the Similarities and Differences of Quantitative 
Values or Finger-Prints for the Twins 
The raw ridge-counts have been classified according 
to Bonnevie’s method (2). 



L 

Right 

A 

Left 

D. A 
Right 

Left 

Thumb 

35 

40 

80 

30 

Forefinger 

40 

25 

25 

25 

Middle finger 

3 0 

3 5 

4.0 

vO 

Ring finger 

40 

70 

6 5 

70 

Little finger 

3 5 

3.5 

3 5 

35 

Total, each hand 

180 

20 5 

24.5 

190 

Total, both hands 

38 5 

43 S 



From Bonnevie’s Table XXII it appears that the average difference in 
quantitative indices for her IS pans of identical twins was 6 02, and the 
range was from 0 5 to 18 9 Foi hei 16 pairs of fiaternal twins, the 
average difference was 16 09 and the range was from 6 0 to 34 0 
The patterns are of very similai type and design, and the difference in 
total quantitative values here is 5 0, which is about median for identical 
twins Such similarity of ridge-count classification values is rarely found 
in fraternal pairs The piints themselves are presented, in older that 
persons specially interested m these problems may study them in greater 
detail 

Developmental Data 

L was born 16 hours befoic D, and at birth each weighed S pounds 
Their mother died soon nftei their birth Both entered school at the 
age of 6 years. At the age of 12 years, both tcnnporarily lost their hair, 
supposedly ns a result of a severe fever Later in life, their hair remained 
the same in color throughout the process of graying L has always been 
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sturdier and more energetic She menstruated fiist at the age of H or 
12 years, while D did not reach this stage of development till after the 
age of 14 or 15 Since age 20, L has weighed about 20 pounds more, on 
the average, than her twin, 

The following information concerning illnesses was obtained by con¬ 
ferences with the twins separately, and with then foster mother, and it is 
probably fairly accurate, Both had wliooping-cough at the age of 6 
months, and again at 12 years, and D Is supposed to have suffeied a 
third attack at the age of 23 Both twins are lepoitcd ns having had 
measles at the some time, on three different occasions, when about 6 or 
8 years of age At the age of 22 they had smallpox, L having a light 
illness which preceded by a short time the more severe attack which D 
had Both had chicken-pox, D having it less severely In their preschool 
years, D had pneumonia twice, and L three times At about the age of 
26 years, D began to develop ,i goiter, while living In Walla Walla, 
Washington, where it was prevalent, It became very serious, and two 
years later she had the goiter icmovcd, since then she has had n heart 
ailment which has been rather troublesome at times but nt present seems 
to have been oveicome. L has not had any indication of goiter or of 
heart trouble, 

Early Environment 

During early life, the two were togcthci most of the time, when 
separated for a whole day for the first tune, at the age of 4 years, 
they cried almost all day. The fiist separation which lasted longer 
than a day was at the age of 20 yeais, when L went away fiom 
home to teach, and was gone for scveial months The twins diessed 
the same till the age of 16, and fiom then on till the time of 
separation they wore clothes of the same pattern but of different 
materials 

Their childhood acquaintances weie the same, but their close 
friends were not, because their reactions to peisons were different. 
L matuicd earlier and her fiiends included boys long before D 
was interested in the opposite sex, the two never showed similarity 
m their choices of male companions When young, D sometimes 
acquired a dislike foi tlie boys who captured hei twin’s attention 

Schooling 

The twins were together in school for twelve years and took the 
same courses They took music lessons at home (piano and voice) 
together for about 6 years, but L has continued this intciest in 
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latei life more than ha<^ D Another hobby was art, in this they 
had the same courses in the grades and in high school, but since 
that time L has had little formal training, although she has main¬ 
tained her mteiest in the subject. D, however, has had two years 
additional ait titiming in a tcatheis college (ic., took all the art 
courses she could get duiing those two years), a summer’s training 
at an ait school, and two moie y^eais of training in arts and crafts 
in another city 

The twins attended giade school m a city of population about 
200,000 and attended high school in a small town After this 
their experiences were diffcienf L took tliiee summer sessions 
of teachei-tiainmg in various schools, and taught in elcmentaiy 
school, at fust teaching all eight piiraary grades; D continued with 
the training m art mentioned above. 

Adult Life—The Main Differences 
IN Environment 

L was mauied fiist, at the age of 23 years, and D was married 
five years later Each has thice children Since licr marriage, 
L has lived in a small town m California, and has made only 
occasional short visits in Washington and Oregon L’s husband 
is a technician in photographic art, whose business keeps him largely 
in one locality D manicd a man interested m education as a 
profession, whose work peiinits, and has in the past favoied, a gieat 
deal of tiavel, 

Both twins lived in a city till the age of 16, and the next four 
years lived m a small town. L has continued to live in the small 
town, but D has moved about, living in a small city one year, a 
larger city one year, and m a diftcient state ioi two years. Up 
to this time, she, too, bad lemained on the Pacific coast, Then 
she went east, and lived in Massachusetts foi nine years, in New 
Yoik foi foui ycais, and, letuniing to the west, lived m Washington 
foi five years, and in a small town in California for one year 
She has been in Boston, Philadelphia, Richmond, Chicago, and 
various places in Canada whcie her twin has not been. She has 
visited Banff, Lrikc Louise, the Grand Canyon, Yellowstone Park, 
and many other places which her twin has not visited. 

L has liad about five ycais of full-time teaching experience, and 
at present teaches the first four giades m a school m the small 
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town in winch she lives, m addition to carrying on her duties as 
housewife. D has taught ait at various times, and at picsetit 
teaches art cUsses two afternoons a week Both twins appear to 
have considerable talent for diawing and painting, but perhaps 
less capacity for aesthetic judgment than is required for outstand¬ 
ing achievement in art. Although both have won prizes m ait, D 
has devoted more time to it, and has won moic 

L’s teacher'traming and teaching experience are certainly im- 
poitant environmental factois. On the other hand, D’s travels, 
and varied experiences, certainly have occasioned adjustment to a 
variety of situations which L has not had occasion to meet It 
might be expected that such opportunities as D has had would 
favor better adjustment In the life of the individual, and they 
might very well alter development m a number of ways, through 
providing difterent kinds of stimulation, and indirectly affecting 
drives. Tiavel has long been considered an important educational 
factor, and the intensive study of cases such as this should shed 
some light upon its effects. 

Personality Traits 

Some general facts concerning the twins’ personalities have been 
obtained through observation and through interviews with the 
twins and with tlieir foster mother Accoiding to report, L is 
retiring and lacks a sense of humor, while D is forwaid and has 
an over-abundance of humor. Othci persons think that when the 
twins are together they arc more at ease and more pleasant, L is 
moie jollv, and D is more talkative. The twins state that one 
makes up for the qualities which the other lacks. 

L’s daughter, aged 19, and son, aged 16, could not name any 
differences in personality traits of the twins, even when confronted 
with a long list of specific questions The twins' fostci mother le- 
ports, however, that L has always been the more self-confident and 
aggressive, and that when young she usually took the lead It is 
reported by D that their fostei mothei liked h better, and this 
appears to be true. It is related to the fact that D was less sturdy, 
and hei twin was more willing to do various little duties about 
the home when they were young. D was conslcicied a bit lazy 

At the age of 20 years both weie supposed to go away from 
home to teach, and both had appointments, but D was timid, and 
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shrank from this new adjustment, when the time came, she backed 
out of it entirely. This timidity has disappeared now, perhaps as 
a result of much experience with people, occasioned by her rather 
extensive travels At present, L is the one who feels less confident 
in social gatherings, but the difference is slight. 

L is considered by their foster mother to be more practical, more 
sciious-mmded, and a bettci organizer. An aunt, who knew them 
fiom the time that they were babies, states that L is more practical, 
and D more sentimental. She appeared not to know of any other 
specific personality differences. Her husband (uncle to the twins) 
could not answei any of the questions asked, because he nevei had 
been able to tell the twins apait 

The fostci mothci, when asked a laige numbei of specific ques¬ 
tions, gave answers which indicated that the following weie her 
opinions, first, tlie twins were equally inteiested in school, and 
equaUv capable; second, T was more sensitive and more easily burf, 
third, L IS a moie capable enteitaincr, although less socially in¬ 
clined, less self-assertive in a social situation, and less of a con¬ 
versationalist, fourth, L has usually enjoyed better health, and has 
been more energetic; fifth, L has more initiative, and moie imag¬ 
ination, while D IS moie eioiitable, more gay and lively, and more 
mature in peisoiiality, sixth, L is more clevei, more interested m 
the home, more self-reliant, more solitary, and more religious. 

Then fostei mothei feels that the twins aie diffeient in a numbei 
of ways now, but only as a result of cxpenence. She cites as a 
mam difference the fact that D is easier to know, happier, and 
less inclined to woriy, while L is leserved, perhaps has some un¬ 
happiness which she keeps to herself, and, m general, does not 
confide in persons as readily as does her twin. Expeiience has 
changed D’s personality for the better in a number of ways With 
a few minor exceptions, such as L’s superioi ability in playing the 
piano and leading music, the twins remain, very similar in ability 
in spite of differences of experience The examinei feels confidence 
in the foster mother’s statements, and what appear to be minor con¬ 
tradictions arc caused by the smallness of the diftciences and the 
specificity of the situations to which they apply 


Interests 

Thcie weie nevei any significant diftciences m interests, except 
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in their tastes for young men—in which D met with more ap¬ 
proval on the part of the foster mothei 

The twins’ own latings on interests were obtained by having 
them fill out the four-page foldci which was developed by Tcrman 
(19, pp 363-383) for studying the interests of gifted children. 
The results showed gicat similarity of interests in school subjects. 
Both bleed English veiy well, except grammar. History and prac¬ 
tical subjects were liked fairly well, as was science, but both dis¬ 
liked matlicmatics. At the piesent time, both enjoy reading, and 
prefer especially tiavel, history, poetry, short stoiics, and biography. 
They read the same magazines, including Good Housekeeping, The 
/American, and The Ladies Home Journal. 

Their hobbies have always been similar. As children, they made 
similar collections of stamps, pictures, etc They like housework; 
both have won prizes in cookery, and youthful accomplishments In 
making dresses, cooking, diawing, painting, basketry, and various 
forms of handiwork were very similar. L enjoys writing poems, 
but D finds this hard work. As young girls, they were very 
religious, and, as adults, both have been much interested in church 
work. As adolescents, both wanted to be nurses, but their parents 
objected, so they turned then attention to teaching. 

The general similarity of interests which is icvealed by answers 
to general questions appears upon more intensive inquiry to extend 
to many details 

Occupational Interests 

Table 3 shows the numerical scores and letter-iatings assigned 
to each for all 23 occupational scales of the Strong Vocational 
Interest Blank (18) Highest ratings were secured on those 
scales which measure inteiest in people primarily 

A substantial body of data in the possession of the writer sup¬ 
ports the conclusion that this test, although devised foi men, has 
considerable validity for measuiing the inteiests of women The 
similarity of the twins in inteiest profile is sti iking It is likely 
that the same individual taking the test on two occasions would 
not receive scores any moie similar than these 

Stability and Adjustment 

The Cady modification of the Woodworth Questionnaire, which 
has been described elsewhere (19, pp 500-505), was administered 
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as an individual examination An item analysis of their "diag¬ 
nostic*' responses suggests that L is more introverted, less stable, 
and less self-assertive However, L’s total score was 9, and D’s 
was 10, which indicates that both are more than ordinarily stable, 
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feience here discovered, though Ifiige enough to be suggestive, is 
not statistically reliable 

Results of the Watson Test of FairmuKlcdncss (20) indicate 
that D is moic prejudiced. The author of this test gives a relia¬ 
bility of the total score of 96, and, ni view of this high reliability 
coefficient, it is a fan gness that the obtained diffeiencc is greater 
than Its piobable eiior, but noims have not yet been obtained 
which enable one to make an exact statistical evaluation of the 
difterence. Both twins appeal to be more piejudiccd than aveiage 

The data of Table 4- shows that, accoiding to results of the 
Bernreuter Personality Inventory (1), D is inoic stable, moie self- 
sufficient, more extroveited, and moie dominant, All these differ¬ 
ences, except that in introversion, are statistically significant. 


TABLE 4 

Showing the Results op Measurements or Pcrsonalitv 
Traits of tup Twins 



L A 

D A 

Diff. 

In 

score 

Diff 

Stanford M-F Test 

—127 3 

— 81 0 

46 3 

173 

Bernreuter Personality Inventory, 





Bl-N scale 

— 23 

—112 

89 

3.21 

B2-S scale 

— 17 

+0 

57 

3 64 

B3-I scale 

— 24 

— 71 

47 

2,39 

B4-D scale 

— 18 

80 

98 

461 

Watson Test of Fairmindedness, 





Total scoie 

18+ 

223 

39 


Percentage score 

37.6 

45 6 

80 


Raubenheimer-Voelker 





Overstatement Test 





a Asserted score 

SI 

43 



fr. Actual score 

56 

62 



f. Items wrong, of those 





she claimed to know well 

10 

6 




The lust column gives the difference in scores between the twins, divided 
by the probable error of such a difference between individual scores. See 
Table S 


The scores on tlie Raiibenheuner modification of the Voelker 
Overstatement Test (19, pp. 489-490) indicate that both tend to 



CASE STUDIES OF MATURE IDENTICAL TWINS 


167 


undeast.atc theii amount of information, but that L understated 
less than D. Data for interpreting the results of this test with 
greater exactness will be published at a later date. 


Accuracy op Measurements 

In ordei to make the data moie readily inteipietable, wlicievcr 
possible the writer has calculated foi each test its probable eiror 
of measuiement The statistical pioccdurcs involved are described 
by Kelley (6). The calculations ate for the most pait based on 
veiy small samplings (the wiitei’s own test data), but they are 
the best statistics available at present for interpictation of the 
differences found. These data are given in Table 5 

TABLE 5 

Showing the Standard Deviation or Scores, the Reliability Coeiti- 
ciBNT, the Probable Error of Measurement, and the Probable Error 
or A DirFERENCP DBrWEBM SOORES, FOR A NUMDLR 01 THE TBSTS 
Used in the t\vin Study 


The first column gives the number of cases m each group, 





Rel 




N 

S D 

coeff 

PE 

P.E n 

Stanford M-F Test* 

Bernreuter Peisonality Inventory, 

59 

60 30 

78 

19 07 

26 9S 

Bl-N scale* 

107 

83 69 

88 

19 55 

27 64 

B2-S scale* 

107 

42 38 

85 

11 07 

15 6S 

B3“I scale* 

107 

53 20 

85 

13 91 

19 67 

B+-D scale* 

Meicr-Seashore Art Judgment 

107 

64 29 

88 

15 02 

21 2+ 

Test 

83 

10 76 

75 

3 63 

5 13 

Willoughby Intelligence Test 
Battery, total score 

Terman Group Test, Form A, 

90 

72 96 

94 

11 75 

16 61 

total raw score 

82 

37 86 

95 

5.71 

8 07 

Stanford Achievement Test, 
total raw score 

Vocabulaiy Tests A and B, 

88 

133 64 

.96 

17 55 

24 84 

Av of the two scoies* 

Otis Higher Examination, 

123 

18 60 

96 

2 SI 

3 55 

Form A f 

253 



2 62 

3 70 


* For the M-F test, the Bernreuter Peisoiiality Jnventoiy, and the 
Voc.'ibiil.'iiy Tests A and B, these statistics are based upon gioupa con¬ 
sisting of female subjects only. 

IFoi the Otis test, the probable error of measurement is given by the 
author, and has been taken from the manual (15) 
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The data of Table S are prcllmlnaiy; the wiiter is attempting 
at the picsent time to secure .ulditional data in order that these 
figures may be leplaced by moic accuiate determinations Hence 
the data of Table 5 are not recommended for gcneial use. 

Differences in Ability 

Table 6 shows the scoies of the twins on the various ability 
tests, and an evaluation of the diffeiences found, which is based 
on the data of Table 5. The differences favor L in the majority 

TABLE 6 

Showing the Scores of the Twins on Several Tests of Intelligence 
AND Achievement, the Differences detween Thpir Scores, and 
A Statistical Evaluation or Those DirrERENCEs 



L A 

D A 

Diff 

111 

scores 

Diff 

■Willoughby Battery, total raw 
score on 11 tests 

395 

376 

190 

11+ 

Terman Group Test, Form A, 
total raw score 

179 

179 

00 

00 

Otia Higher Examination, 

Form A, total score 

53 

A9 

5,0 

135 

Stanford Achievement Teat, 

Form V, total raw score 
Vocabulary Teats A and B, 
av of the law scores 

1160 

1175 

15 0 

60 

106 

106 5 

5 

H 

Vocab. Test M (very haul), 
total raw score* 

96 

95 

1.0 


Meier-Seashore Art Judgment 

Test, raw score 

93 

9+ 

1 0 

19 


* The probable error of measuremetit has not yet been obtained for 
Vocabulary Test M, but it is obvious that this difference is insignificant 
because the probable error of measurement will not be leas than two or 
three points at least 

of instances, but none of them is significant. It might be that a 
sufficiently reliable battery of tests would reveal a consistent slight 
superiority on the pait of L, but it is not very likely. These 
measurements are sufficient to show that theic are no diffeiences 
of any practical significance. The results of the Stanfoid Achieve¬ 
ment Test are interesting in view of the fact that this test meas¬ 
ures infoimation taught in the first nine giadcs of school; L has 
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taught all of the first eight grades and is at present teaching the 
first four grades, which makes the slight difference in favor of 
her twin seem rather surprising Anothei interesting fact is that 
D, who has had much more training in art, does not show any 
significant supciionty on tlie Art Judgment Test 

SuPCRIORITF OP THE TwiNS 

Indications of the level of ability of the twins, as compared with 
the population at large, aic furnished by the data of Table 7 

TABLE 7 

COMPAIUNG THE SCORES OP THE TwiNS OH ThGSB TbSTS WITH THF 

Available Norms 


LA. P. A 


Deinreuter Personality Inventoiy 



peicentile gcoics 



Bl-N 

52 

17 

B2-S 

38 

74 

B3.I 

44 

10 

B4-D 

28 

83 

Willoughby Battery, standard 

SCOIcs* 

Terman Group Test, Form A, 

1 57 

126 

mental age equivalent 

18-0 

18-0 

IQ (uncorrected) 

Otis Higher Examination, 

112 5 

1125 

IQ (30*min time limit) 

111 

106 

IQ (20-min time limit) 

Stanford Achievement Test, 

114 

108 

educational age 

Art Judgment Test, peicentile 

18-2 

18-5 

score, using adult noims 

Vocabulary Tests A and B, 

41 

45 

standard scoics 

0 72 

0 75 


‘For tlie Willoughby Battery, Piice (16) has shown that the mean 
score IS 101 3 and the slandaid deTiation is 33 0 points, using total weighted 
scores of lOS adult women Following his procedure in weighting, the 
scores were 153 and 143 for L and D, respectively. 


The difficulties in deteimining the level of ability in relation to 
that of a landom sampling of adults arc occasioned by the fact 
that none of oui tests has been standaidized on such random adult 
populations Then scoies on the Willoughby Battery indicate 
that the twins are considerably more than a standard deviation 
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above the mean for a group of adult women who were somewhat 
selected (see 16 and 21). The uncoiiectcd Teiman Group Test 
IQ's arc about a standard deviation above the mean, but coriec- 
tion for age would inciease then supenoiity. The twins ate about 
tlnee-quarteis of a standaid deviation above tlie mean for college 
freshmen in Vocabulary Tests A and B, which wcie taken from 
the University of Minnesota College Aptitude Tests 
Most of the pairs of identical twins reared apait who have been 
studied have been of lower intellectual level. For Newman’s siv 
pairs (9-14) the average Stanfoid-Binet IQ was 91 4, with a range 
fiom 65 to 106, the average IQ fiom the Otis test (according to 
the writer’s calculations based on the law scoies furnished by New¬ 
man) was 87 75, with a langc from 69 to 99, the average Stanfoid 
Achievement Test c(hic«ition.il age was 14-1, with a langc from 
12-7 to 17-3. That is, not one of those pairs is of an mtcUcctual 
level equal to that of the twins in the picscnt study. This is 
probably chaiacteiistic of twins icared apait. When twins are 
reared apart, it is usually because of necessity, and theicfore they 
are likely to come fiom the lower economic and social levels. 
Studies of such cases will probably not include evidence on the 
effects of all types of environmcnul factou, neithei arc they 
likely to show the effects of cnviionmcntal influences upon mtelH- 
gence artd acliicvcment at all intellectual levels It will no doubt 
be easier to secure a landom sampling of ordinary matuie identical 
twins than of identical twins rcaicd apart. These considerations 
lead us to believe that more studies should be made of such pairs 
of mature twins as are here studied, as well as of twins reaied 
apart. 

Summary 

A pair of monozygotic twins, women aged 43 years, were studied 
intensively, by use of swndard tests, obseivation, and interviews. 
Among identical twins, these would appeal much moie similai 
physically than the average They had very similar enviionments 
in eaily life, but as adults, foi appioximatcly 20 ycais, have had 
environments which were considenably diffcient in a numbei of 
ways. D has traveled a great deal, and has lived m cities in various 
parts of the United States, while hei twin has icmaincd iii a small 
town D’s training has emphasized arts and crafts, in which she 
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has had several years of fojmal training, while her twin has merely 
maintained an incidental interest in ait L, who has lived in a 
small town, has done quite a bit of teaching m the elementary 
grades, while her twin has taught only art 

A few slight diffeiences in peisonality traits aie found; some of 
these are apparently explainable in terms of the environmental 
differences discoveicd, others, which seem to date back to eaily 
life, are not A measure of aesthetic judgment showed no differ¬ 
ence Tests of intelligence revealed a striking similaiity of scoies, 
and scores of the two were extiemely similai on a standard test 
for achievement in subjects taught in the clcmcntaiy grades Con- 
sideiable accuracy may be attributed to the findings concerning 
intelligence and achievement, because of the use of liiglily reliable 
standaid tests, and because testing was done repeatedly, giving 
ample opportunity foi the discovery of any differences which would 
be significant though small As a turthei lefinement of technique, 
the differences found were evaluated m terms of the probable 
erjor of measiiiemeiit, computed by the wiitci foi eacli of the tests 
for which the necessaiy data were available. The personality 
tiaits of the twin^ show some diffeiences, but even heie, geneially 
speaking, the moie notcwoithy fact is the high degree of similarity. 
Even the intcicsts of the twins as measured by standard inventories 
appear to have lemained veiy similar in spite of the sepaiation and 
differences of experience which have continued over a period of 
20 vears. To sum up, the lesults of intensive study have shown 
that the itvms lemained essentially veiy similar in spite of diffeient 
expeiieiices. 

Conclusions and Suggestions 

It IS inevitable, at the present state of oui knowledge, tliat single 
case studies should yield suggestions more often than final conclu¬ 
sions Howevei, review of this and of other similar cases (3) 
allows one to diaw the following conclusions tentatively 

1. Intensive studies of ordinary pairs of mature twins offer 
good material for the study of effects of environmental differences 
upon mental and physical tiaits 

2 Studies of ordinaiy mature twins and of twins leaied apart 
are supplementaiy Ordinary matuie twins usually have had simi¬ 
lar eaily enviionments, but have different environments as adults 
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3. By comparing case studies of younger and older pairs, sig¬ 
nificant data may be obtained, bearing on the old argument con¬ 
cerning the tendency of twins to grow more or less similar as they 
grow older The present lack of interpietable data bearing on this 
argument may be laigcly attributed to the fact that studies under¬ 
taken in the past liave been limited for the most pait to school 
children 

4 In individual case studies of twins, it is dcsnable to use 
reliable standard tests, and to attempt evaluation of any obtained 
differences, in terms of the accuracy of the measuiing instruments. 

5 The few case studies so far made sliow that consistent dif¬ 
ferences in mental ability arc sometimes found in pairs of twins 
reaied together The explanation of such differences must wait 
until much moie data have been accumulated. 

6 The writer’s. cai,e studies suggest that the di^ercnccs which 
are sometimes found between pairs of mature twins arc not ade¬ 
quately explained in terms of the obvious type of environmental 
differences ordinarily considered, but that their causation is very 
complicated It is suggested that intensive study of conditions 
underlying motivation in individual cases may yield impoitant 
results. 
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fiTUDES DES CAS DES JUMEAUX IDENTIQUES D'AGE MUR 

(R6sume) 

On discute Ics avaiitages pratiques ct theoiique^ dea etudes intensive^ 
dcs cos de jumeaiix identiques d’age mui, pom retiule de la nature ct de 
I’education, dc telles donnees presentent des .nvanmgcs iinpoitants, m.iJS 
compiennent ccitaines difHcultes inheicntcs On donne iin rapport dii 
troisi^me cas d'unc s6iie, une paire dc juinelles nionovygotcs, ngecs de 43 
ans. Malgre leur scpaiation ct des differences distmcCcs de milieu pendant 
20 nns de vie ndulte, ccs jumellcs sonf rcstees csscntiellcmcnt scmhiabics 
I'dgard de capacite, d'mt^rcls, et de persoiinalite II n cvistfi unc difference 
physique importante pendant des ann^cs, piiisque i’uiic dcs jumclles a sevcrc- 
ment souffert d’un gouie exophthalmiquc, accompagne cl’iinc maladie de 
coeur trin seiieiisc, 

L’analyse de cette etude et dcs etudes antericiucs montic qu‘il faiit 
^valuer avec grand soin ics diffcicncea obtenues dans Ics rcaultats des tests 
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meiitaux Pour ameliorcr la technique on suggcre que Ton evahie st.itia- 
tiquement lea differencca obtenues cntie Ics paircs, cn tcrmea de I’erreur 
probable de meaure II eat iyident qu’il fnut employer bcaiicoup de precau¬ 
tion quand on cxplique lea diffiiences obtenues Dnns quclqiies cas I’auteur 
a trouve des diffirences constantes tie capacUe inentale ebe/ des Jiimcaux 
identiquea Quand on trouve de telles differences, il scmblc qii'on ne puisse 
les expliquer d'une fagon sahsfaisanlc en teimcs du type evident des 
facteiirs du milieu ordmaiiement consideid, an contraiic, la causation de 
telles diffdrences semble elre Ires complexe. Lcs rtsultatB indiqiictit qii'imc 
^tude intensive des conditions qui sc troiiveiit A la base des mobiles peut 
donner des reaultats importanfs. 

Cartbr 


UNTERSUCHUNGEN EINZELNER PALLE VON ERWACHSENEN 
EINEIIGEN ZWILLINGEN 

(Rcferat) 

Die Arbeit diskutiert die praktisclicn imd theoretischcn Vortcilc, die einc 
intensive IJnteisucliung einzelner Falla von ciwachscnen, emciigcn ZwilU 
ingen aufweisc; solche Angaben bicten wiciitige Vortcilc dm fut das 
Studium dcr Natiir und Erziehung, sic scliliesscn nbei aitch gcwisse von 
Natiir zugehonge ScliwterigkcUen cm Man benchtet darm iibci den 
dfittcn Fall einer Scrie, eln Paar cineiigc, 43 jabre nite Zwillingsfrauen, 
Trots ihrer Trennung und dciitlichcr Untcischicde Jhrer Milieus auf die 
Dauer von 20 Jahren ihrcs erwachsenen Lebens bliebcn sie sich im Wasent* 
lichen ahnlich m FaKigkeitent Interessen und Pcisonllchkeit Man bco- 
bachtete einen ‘wichtigen physiologischen Unterschied wahrend eincs Zeitab* 
schnitts von etlicben Jahrcii, einc dcr ZwilImKHschwcstein liattc eincn 
schweren exophtalmischen Kropf, dei von Hcrzicidcii schr cinsthafter 
Natiir begleitet ivar 

Die Betrachtung dieser und finhcrcr Pnlle zeigt, dass man in dei Wer- 
tung dcr beobaehteten Unteischicdc in den Ergebnissen von psychologiscben 
Testen sorgfaltig sem muss. Um einc Vcrbcsseruiig dei Tcchnik zii er/ielen, 
schlagt dcr Aiitoi vor, dnss die beobaehteten Unteischicdc iiinerbalb eines 
Paares statistisch verwertet warden, und siwar nach Fclilcrquellcn dcr 
Messungen. Es gibt sich ferner, dnss man crhaltene Untcrschiede aiicli 
sorgfaltig crklaren muss In einigen Fallen lint dcr Autor bestandige 
Unterachiede untcr den Gcistesfahigkcitcn einciiger Zwillinge gcfnnden 
Wo solche Untcrschiede gefunden warden, schemen sie niclit hmieichend 
erWart lu werden durch den axiffalligen Typus dcr UmRt.bungsfaktorc.n, 
die gewobnlich m Betracht gezogen werden, stall dessen scheint die Verur- 
aachiing solcher Unterschicde sehr komplex zu sem Die Ergebnisse zeigen, 
dass intensive Untersvicbnngen dev Bedingungen der zugnindc liegendcn 
Motivierung wichtlge Ergebnisse aufweisen durfte 
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THE VOCATIONAL ATTITUDES OF BOYS AND 
GIRLS OF HIGH-SCHOOL AGE* 

From ihe Department of Psychology of Columbia Uiii^erstiy 


E B Hurlock and C Jansing^ 


During the period of economic sticss facing the cntiie world at 
the present time, gieater attention than ever before is being given 
to the vocational guidance of adolescent boys and girls in the Amer¬ 
ican high schools. It IS quite necessaiy that both boys and girls 
be tiained for and led into the vocations for which they aie fitted 
if they are to be satisfied and happy in their future work, and if 
a better balance in the economic world is to be estcablished Because 
of the present interest in this subject, a study of vocational attitudes 
of typical Ameiican boj^ and girls of the high-school age is both 
timelv and important It is hoped that the study reported herewith 
will throw some light on a fuithei understanding of this problem. 


Historical Survey 

A summary of studies and discussions of vocational interests may 
be divided into two paits. (a) theoietical studies and {b) experi¬ 
mental studies 

a Theorettcal Stiulfes. Dewey (12), m a discussion of voca¬ 
tions, brings out that “the discoveiy of capacity and aptitude will 
be a constant piocess as long as giowth continues One has 

discovered in himself, say, an inteiest, intellectual and social, in 
the things which have to do with engineeimg and has decided to 
make that his calling At most, this only blocks out m outline the 
field in which fuithei growth is to be direct It is a sort of lough 
sketch map foi use in direction of fuither activities “ 

Brill (8) has made the following statements concerning the prob¬ 
lem of vocational selection “The average peison seems to consider 
the selection of a vocation accidental oi at least something that is 

•Accepted for publication by Carl Murchison of ihe Editorial Board 
and leceived in the Edttoiial Office, February 8, 1933 

^The senior author stipeiviscd the study reported in this paper, prepaied 
the paper for publication, and supplemented the histoiical background, the 
junior author caiiicci out the experiment and recorded the data 
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quite impersonal. He usually assumes that given certain qualifica¬ 
tions, physical or mental, or both, a peison could undertake any 
kind of -work or vocation . . Investigation shows that the nor¬ 
mal individual needs no advice or suggestion in the selection of a 
vocation, he usually senses best what activity to follow, and, what 
IS moie, he is invariably haimcd if advice is thiust upon him by 
a peison of authority. . . . When wc ask a person why lie follows 
a ceitain vocation he usually answeis that he does not know, that 
he just drifted into it accidentally. Occasionally he answers that 
his grandfather and his fathei performed the same line of woik 
and that he followed it. On applying the psychoanalytic method, 
however, one usually finds some hidden icasons foi the paiticular 
activity. . The motives which actuate one to take up a cci tarn 
vocation vaiy with the peison, that is, evciy vocation is individually 
determined ” 

Gicen (16), m an analysis of the caily choices of professions by 
children and adolescents, traces the theme of domination and dis¬ 
play. As the child is dominated by the adults about him, he con¬ 
sequently comes to icgaid giowiiig-up as the necessary picliminary 
to domination on his own account The child is most stiongly 
actiacted to the people he secs displaying themselves in dominating 
other people, animals, and big things L. S Hollmgwoith (19) 
found that adolescents of supcnoi ability arc keenly inter csted in 
the question of how they may find work which they can enjoy 

b E.xperimenwl Studies As early as 1896, Eail Barnes (1, 
2, 3) had started a compiehensivc study of children's ambitions and 
attitudes toward future occupations. He concluded from lus study 
that there is something permanently significant in children’s ambi¬ 
tions, that girls’ reasons for choice of vocation aie Iiaxy, that country 
children are far more concerned with their future work than aic 
city children, and that class distinctions deteimine the child’s attitude 
toward difteient types of work In his “Studies in Education,” 
Barnes includes the reseaiches of Young (28, 29) and Willard 
(26). The former, in her study of two groups of London children, 
found that, regardless of intelligence lating, the majonty of giils 
wish to find work that ofters moie than mcie indiistiial opportunity 
Willard’s study of types of work bclectcd levcalcd tliat at cdch age 
boys clioose a fai greater variety of vocations than giils 

Several years latci, in 1901, Wykoff (27) questioned children 
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of ages 5-16 years concerning then ambitions, and tlieir reasons 
for these. The occupations listed were many and varied Cham¬ 
bers’ (10) study of children’s ideals brought out the fact that 
gills are moie philanthropic than boys In so far as the boys’ 
hguies showed any definite tendency, it is towaid an increase m 
altruistic motives with increase in. age An inteiesting point made 
by Brandell (7) in his study of children’s ideals was tliat Swedish 
children place intellectual and aitistic qualities higher than do Eng¬ 
lish, Piussian, and Aimenwn children In selecting their ideals 
and the people they would like to leseinblc, they do not consider 
money, social position, honoi, and fame. 

Poull (23) made a study of the relationship between intelligence 
and the child's choice of vocation m the case of 658 guls and 548 
boys of the working class in New Yoilc City She found that in 
any occupation or group of similai occupations a large lange of 
intelligence levels existed which indic«ited that tlie child’s interest, 
rathei than his intelligence, was responsible for determining his 
choice of vocation Such occupations as automobile mechanic, 
engineei, electrician, doctor, actoi, chauffcui, and artist were most 
often chosen by the boys, while diessmakcr, actiess, stenographer, 
teachei, artist, bookkeeper, and sccictaiy wcie selected by the girls. 

To deteimino the pciinanency of mtciests, Poull checked up on 
the qucstionnaiies fiom one to six months latci She found that 
in the case of the first and second choices of occupation 66 7 
of persistent choices occurred in both instances, while in the third 
choice the persistence was found in only 33,3% of the cases 

Occupational mteiests of pie-liigh-school children wcie studied 
by Teiraan (25) in the case of a group of gifted childicn and a 
group of average children selected as a contiol The gifted chil- 
dicn showed a gieatci piefeicnce for such occupations as public 
seivice, professional caiceis (especially the boys), artistic, semi- 
piofessional, and agiiculture (slightly) In the contiol group, the 
greater pieference was for mechanical, transpoitation, athletic, and 
clerical work In commercial occupations and social work, the 
two groups showed little dififeiencc m pieference 

In the choice of occupations, gifted boys selected occupations which 
had the intellectual difficulties of such woik as higli-school teaching, 
industrial chemistiy, oi preaching, while the boys in the contiol 
group selected occupations demanding the intellectual status of a 
nurse, chef, or landscape gardener 
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When the occupational ideals of the children wcvc studied in 
comparison witli the occupations of the paients, theie was found 
to be less distance between the occupational ambitions of the child 
and the occupational status of the father than was tiue of children 
of the contiol group wheie the occupational ambitions were extiava- 
gant in compaiison to the intcnigcncc level of the children The 
only sex difference worthy of note was that the occupational ambi¬ 
tions of gifted boys rated somewhat higher than those of gifted 
girls. 

Beeson and Tope (5) were inteiested in discovering to what 
extent high-school pupils have made vocational choices, to what 
extent these followed the occupations of the paients, and what 
high-school influences have been most powciful m determining tlieir 
prefeiences. Two thousand high-schooI students indicated their 
preferences on a questionnaire. The first five piefcienccs foi the 
boys were as follows. 

Engineering 25 % 

(Undecided) (19 %) 

Agriculture 16 % 

Mechanics 7 7o 


Salesmanship 6 % 

Medicine and dentistry 5.7% 

For girls the first five picfcrcnccs wcic entirely different fiom 
those foi the boys. They were as follows* 

Teaching 21.6% 

Clerical 21 4% 

Nursing 12 8% 

(Undecided) (12 3%) 

Music 6 6% 

Commercial art 4 2% 


In determining the influences responsible for these choices, the 
authors found that that of the paients was most important m the 
case of both boys and girls. The second and third factois of 
importance in determining the selection, especially in the case of 
the girls, proved to be the teaclier 

Bedford (4), m a study of the vocational interests of 1211 rural 
high-school students, found that professions weie selected by the 
largest percentage of the group, 424%, followed by clerical occu¬ 
pations, 17 8%, manufactuiing and mechanical industiy, 10 0%, 
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and trade, 8 8% Only 58% of the 88% of the students who had 
definitely chosen «a vocation professed to know the prepaiation re¬ 
quired for it. The reasons given for the choice were inteiest m 
the work, belief in peisonal qualifications, advice of parents, teachers, 
and fiicnds, and success of others. In most instances, the favorite 
school subject or lecieational inteiesC was found to be definitely 
related to the vocation chosen 

Schiller (24) distiibutcd questionnaires concerning vocational in- 
teiests to 2026 elemcntaiy children in thiee diffeient enviionmental 
districts in New York City “c environment,” a poor distiict made 
up of unskilled, semi-skilled, and skilled laboreis, "b environment,” 
a district of business and professional men, and "a environment,” 
a district of more highly educated business and professional men 
Such questions as “wliat do you want to be when you grow up?” 
“do you know anybody who is tliat^” and “if you can’t be that, 
what do you want to be instead?” were asked. 

The findings from this study were very inteiesting. The boys 
of the "c environment” showed a preference for the semi-skilled, 
skilled, and unskilled forms of woik, while tliose in the “a” and 
“b environments” piefciied woik that can be classified as pio- 
fessional or business owning and managing. Gills in the "a” and 
“b cnviionmcnts” likewise showed a piefeience for piofessional 
vocations, while tliose in the "c environment” prefened a variety 
of skilled laboring positions. 

Increase in age biought about fluctuations in vocational piefer- 
cnccs In the case of boys, civil and military seivice declined in 
attiactivencss, while interest in professional vocations inci eased 
with age In all of tlic cnviionmcnts, inciease in age biought 
about an increase in inteiest in clcik and sales vocations for the 
girls, and a decrease in interest in teaching, especially among the 
gills of the "a” and *'c cnviionmcnts.” In the “a” and "b environ¬ 
ments,” both boys and giils sliowcd a piefeience for the father’s 
vocational classification, while in the case of the clulchen of the “c 
environment” the fathei’s vocation was the child’s second choice. 

Intelligence proved to h.ave a pionounced influence on the choice 
of vocations As intelligence decreased, inteiest in the professions 
decreased and interest in skilled laboi mcieased. Friends and neigh¬ 
bors were found to be most influential m the child’s choice of 
vocation, while celebrities wcie the least influential Parents in¬ 
crease in influence as the enviionracnt improves 
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How permanent a chiU’s vocational interests are has been studied 
by Franklin (13) in the case of 1600 lugli-scliool students. An 
original questionnaire, followed by tliiee successive questionnaires, 
the last of which was given a year after the first, show a perma¬ 
nence of interests ranging from 45 to 67% for the hoys and 64 
to 75% for the girls. The activities of the child's summer vaca¬ 
tion tended more toward fixating than toward changing the child’s 
interests 

Holmes (20) studied 300 Negro children living in the Hailem 
district of New Yoik City to determine their vocational interests 
These children had a median age of 13 years He found that over 
half of the hoys planned to enter the piofessions, while almost none 
intended to be unskilled laborers. 

In a study of the occupational interests of 1200 children between 
the ages of 8 and 18 years in Soviet Russia, Borisov (6) found 
that 43% of the older boys and 20% of the younger hoys wanted 
to be technicians. Girls showed a greater interest in teaching and 
m literary occupations The occupations of the paicnts proved 
to be more influential in the young child's clioice than in the case 
of the older children. Active children showed a preference for 
active occupations, while slow children generally selected their par¬ 
ents’ occupations and had a smnllci range of choices This was 
true also of children of less ability. 

One hundred and sixty-nine elcmcntary-school children were ques¬ 
tioned by Busemann (9) about their choice of future occupation. 
Of this number only 18 chose tlicir fathers’ professions, while 29 
chose professions of a distinctly higliei social status than that of 
their fathers, The size of the family from which t!ie child came 
seemed to influence his choice of piofession. Of those choosing the 
higher-ranking professions, 56% came fiom families with moie than 
two children, as contrasted with 22% of those choosing their fathers’ 
professions The presence of brothers and sisters thus seemed to 
act as an incentive to ambition 

Lehman and Witty (21) found that with the onset of pubes¬ 
cence a marked change in vocational attitudes takes place, especi.illy 
toward ceitain lines of work. It is difficult to show that the onset 
of pubescence is a cause of the modified attitude. The maturation 
of vocational attitudes is undoubtedly influenced by the attitudes 
of adults who live m the communities studied Clark and Withers 
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(11), from their survey of vocationiil attitudes, have shown that 
occupational interests are laigcly determined by the gcncial social 
enviroiimenl, and that our policy of occupational guidance must 
be built to a large extent upon general social and economic needs. 

Purpose of Experiment 

In making this study, the following points were considered 

1 Does race or enviionment affect the child’s choice of vocation? 

2. What dominant motives prompt the choice? 

3 Does the child reason about his aptitude for the vocation 
chosen, or his ability to attain his desiie? 

4 If he feels that he is not able to attain his choice of vocation, 
what reason does he give foi this inability? 

5 To what extent aie patents mteiested in the child’s choice^ 

6 If the paient does not agiee with the child’s selection, what 
leason is given for the difference? 

7. Does a boy clioose the same vocation as that followed by his 
parent? 

Method 

This study was earned out by the use of the following question- 
naiie, given, without comment, to the pupils of various schools 

Questionnaire 

1. What vocation oi profession would you fike most to follow? Give 
reason for your choice. 

2 What vocation or profession aie you most likely to follow? Explain 
why you etpect to follow it 

3 What vocation oi piofession do youi parents want you to follow? 
Why? 

Name, age, fathei's vocation nnd mothei’a vocation 

The teacher was lequested to late each pupil’s scholastic ability 
by the use of the giades excdlent, good, fair, and pooi. Excellent 
was considered above aveiagc, good and fair, average; and poor, 
below average It should be noted that in question 2, part 2, in 
practically every case, the pupil explained why he could not follow 
his first choice. 

Subjects 

Table 1 gives the numbei and tvpe of pupils coiisideied, the ages 
from 14 to 16 yeais, inclusive The types aie representative of 
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American school children All the Ametican children aie in Ken¬ 
tucky schools, and those of foieign parentage are in New York 
City schools. 

TABLE 1 

TVPES AND Numbers or Boys and Giris Included in Study of 
Vocational ArriruoHs 

Ages 1+ -18 


Negro 

Boys 

(middle social class] 


236 

'Technical 


60 


Technical 

(foreign parentage) 

social class) 

44 

White 

Academic 

(upper nnd middle 

+3 


' Academic 

(foreign paientage) 


32 


[ Country 



32 




Total 

4+7 

Negro 

Girls 



359 

Acndemic 

(iippei social class] 

1 

105 


Academic 

(middle and lowci 

social class) 

102 

White 

Academic 

(foreign paientage) 


+1 


Country 


43 


.Tiade 



35 




Total 

635 




Grand total 

im 


Results 


The boys’ choices of vocations, listed in Tabic 2, arc worked out 
on .1 percentage basis for each group When the lesults aie aver¬ 
aged, engineering rates as the highest choice of all the boys, but 
is first only with technical students of American parentage and 
academic students of foreign parentage With technical students 
of foreign parentage, aviation stands first and engineering second. 
Hattie Willard (26) found thcat foiemost with boys is engmeeiing, 
which leads at 10, 12, 13, and 16 yeais, and that in almost eveiy 
instance this choice is made independently of the parent’s occupa¬ 
tion. Attention is called to a few outstanding exceptions in selec¬ 
tions The high percentage of country boys wlio chose athletics 
(teaching, coaching, oi piofcssional play) is perhaps explained by 
the emphasis on that phase of extra-cuiiiciilum activities 
However, it is encouiagmg to find the next highest choice is that 
of faimmg. The great interest in aviation evinced by tire foieign 
technical students is due to that line’s captivation of the imagination. 
Clark and Witheis (ll) show that there are waves of occupational 
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mteiest and that tlie so-called interest in probably in large measure 
a reflection of the dominant social situation With the exception 
of the Negio hoys, aviation holds the mteiest of many because it 
appeals to the love of adventure, Tiavel and adventure were 
mentioned m two cases only by the Negroes, who stiesscd security 
and altruism in tlieii icasons of choice The great number of 
Negioes who chose teaching is lathcr suipnsing until the reasons 
arc considered. Tliesc aie a desire to advance themselves socially 
and to get good pay foi easier and cleaner woik than that of their 
parents. 

Civil seivice conies next, because of secuuty, pay, and social stand¬ 
ing Clark and Withers (11) found that the people in all the 
countues studied are interested in the more luciative occupations 
or those which have social prestige and pleasant working conditions 
Undertaking was chosen by the Negroes only. Music was selected 
almost entiiely by foreign and coloied boys, and was the choice of 
only one American wiiite boy. In this selection, heredity and baclc- 
giound plaj a large patt Quite as natuially, the American academic 
student chose business fust and then the professions. The only 
students who failed to make a choice were of the academic schools 

In the same way the giils' selections are studied m Table 3. 
These results, averaged, put teaching first because of the high per¬ 
centage of countiy and Negro girls who made this choice. Teaching 
leads at every age except 13 and 14 according to Willard’s results 
(26). Commercial work was selected by the greatest numbei of 
academic and trade-school students as the result of training offered 
in the school attended. Nuising was second highest among countiy 
girls, but had little appeal foi the others. Of the enormous per¬ 
centage of Negio gills who want to teach, 81 63% of them expiess 
the expectation of realizing their ambition, although only a small 
numbei will be able to do so This state of affairs indicates a 
need for guidance into other fields, as ’well as for an honest ap¬ 
praisal of ability. This serves to illustrate the statement of Clark 
and Withers (11) that occupational guidance must be built to a 
substantial degree upon general social and economic needs Many 
Negro girls selected teaching for the same reasons as the boys, with 
the additional motive of love of childicn Giecn (16) disciedits 
the altiuistic motive in the selection of teaching by saying that the 
desire to become a teacher, like "playing school,” is no more than 
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TABLE 3 


Vocations in the Order of TriPtit ScircriON nv Bovs and a Comparison 
OF Choices of Each Group rv Mlans or rcncENTACbs Based 
ON THE Totai Number in the Group 



Negro 

Tech¬ 

nical 

(middle 

social 

class) 

Tccli- 

ntcfll 

(foreign 

parent¬ 

age) 

Aca¬ 

demic 

(upper 

and 

middle 

social 

class) 

Aca¬ 

demic 

(foreign 

parent¬ 

age) 

Country 

No of boys 







questioned 

2i6 

60 

4+ 

43 

32 

32 


% 

% 

% 

% 

% 

% 

Engineer 

3 98 

26 66 

27 27 

11 62 

25 

9 37 

Teachei 

2212 

3 03 

4 54 


6 25 

3 12 

Business 

57S 

8 33 


16 27 

3 12 

6 25 

Civil service 

14 6 

166 



312 

3 12 

Aviator 

265 

100 

+3.18 

6.99 

12 5 

12 5 

Doctor 

663 

3 03 


13 95 

9 37 

6 25 

Machinist 

1016 

50 

9 09 


6 25 

9 37 

Musiciati 

7S2 


2 27 

2.32 

9 37 


Scientist 

S3 

6 66 


6.99 

3 12 


Lawyer 

4,+2 

50 


1162 


3 12 

Professional 







athlete or 







coach 

3 98 





1875 

Arciiltect 

2 21 

50 

4 54 




Carpenter 

3 09 


4 54 


3 12 


Artist 


6.66 


2 32 

6 25 


Writer 

132 



9.3 

! 12 

3 12 

Printer 

83 

13 33 





Undertaker 

3 53 






Farmer 




2 32 


IS 62 

No choice 




6 99 

3.12 



an expression ot the wish to dominate others The selection of 
teaching by both sexes of the Ncgio race shows a stiiving for better 
things and brings out the fact that the field of intellectual vocations 
IS limited for them. As would be expected, academic giils of the 
upper social types are the only ones who made no choice of voca¬ 
tion. Music was selected by the foreign and Negro groups because 
of their inherent love of it, and by the uppei social gioup laigely 
because of their cultural opportunities 
All the leasons for selections have been calculated iircspcctive of 
the class of students, as it was found, when comparing gioups, that 
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TABLE 3 

Vocations in the Order or Their Selection dy Girls and a Comparison 
OF Choices or Each Group dy Means or Percentages Based 
ON THE Total Numder in Each Group 



Aca- 



demic 


Aca- 

(middle 

Aca- 

demic 

and 

demic 

(upper 

lovyei 

(foreign 

social 

social 

parent- 

class) 

class) 

age) Countiy Trade 


No of gills 
questioned 

3S9 

105 

102 

41 

43 

35 


% 

% 


% 

fo 

fc 

Teacher 

66 01 

17 14 

147 

19 51 

32 55 

285 

Business 







woman 

919 

22 85 

32 35 

29 26 

23 25 

74 2S 

Nurse 

6 96 

95 

12 74 

731 

27 9 

5 71 

Domestic woiker 







(scnmsticss) 

7 24 






Writer 

83 

14 28 

3 92 

9 7S 


8 57 

Librniinn 

3 06 

95 

7 84 


2 32 


No choice 


21 9 





Musician 

1,94 

3 8 

1 96 

1-87 



Artist 

83 

1 9 

3 92 

2195 



Actress 

55 

4 76 

3 92 

4 87 


2 85 

Scientist 

27 

2 85 

4 09 




Missionary 

27 

95 

1 96 


465 


Social woikei 

55 

1 9 

98 




Interior 







decorator 


1 9 

2 94 




Doctor 

.55 


1 96 




Physical 







director 



98 


465 


Lnwyei 

27 


2 94 




Beautician 

55 

95 




285 


theie was very little diffeience in the type of reasons given The 
most impoitant of these are listed m Table 4, and the numbei of 
times each reason occurred "Like it” comes first for both boys 
and gills "Fitted foi it” is the second consideiation with guls, 
money, with boys Altimsm is third with guls, and "fitted for it” 
thud with boys. "Fitted for it” includes the piepaiation for oi 
some previous CYpeiience of the vocation While the students do 
not explain what they mean by "fitted foi it,” do these results in¬ 
dicate that girls considei then own abilities and aptitudes moie in 
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thcir selections than do the boys? WiHaid (26) found money the 
most potent motive with Boys fit every age except 14 and 16, when 
"like It” governs, and with giils money holds second place Their 
choice is influenced by "like it” Of the altiuistic reasons, more 
than half are expressed bv Negioes, who dcsiic to help then lace. 
According to Willard (26), the convent papeis gave the liigliest 
showing of pliilanthiopy, and the influence of religious tiaining was 
very striking This was also true of the Indian papeis. The place 
of altruism with the girls coincides with Chambers’ (10) statement 
that girls are much more plulanthiopic than boys 

The reasons that the pupils give for not following out the first 
choice are summaiized in Table 5. 

A compaiison of the girls’ and boys' reasons shows that "not 
possible to attain” stands fust for both This means m almost 
every case that the necessary tmining is impossible because of the 
expense and time involved. The fact that the student is pieparmg 
for another line of work, or will have opportunity to obtain other 
work, is second This may be taken to mean that the pupil will 
have to get to work as soon as possible for economic reasons. A 
few mentioned that the second choice would lead to the fust, or 
would enable them to woik toward it The parents’ dictum plays 
a more important part with the gnls. 

A compaiison of the attitudes of pnicnts of all types of boys 
and of parents of all types of gills shows that 24.34% of the hoys’ 
parents offer no advice and 24 36% of the girls’ parents. This 


TABLE 4 

Reasons Given by Bo\s and Girw for Their Choice or Vocations and 
THE Numder or Times Each Is Mentioned 


Boys 


Gill;, 


Like ic 

183 

Like it 

409 

Money 

92 

Fitted for it 

143 

Pilled for It 

58 

Do good (54 colored) 

79 

Assured of position 

31 

Money 

68 

Offers advancement 

2+ 

No reason 

18 

Travel and adventure 

22 

Offers advancement 

IS 

Do good (14 colored) 

22 

Travel and adventuie 

11 

Choice of parent 

9 



Member of family in 


same work 

5 

same work 

6 

Assured of position 

3 

No reason 

0 

Choice of pnient 

3 
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TABLE 5 

Reasons for Inahilfty to Follow First Choice 


Boys 


Girls 



% 


% 

Not possible to attain 

49.1+ 

Not possible to attain 

47 85 

Preparing for, or 


Preparing for, or 


position assured 

2S 0 

position assured 

31,42 

Membci of family in 


Parents object 

12 85 

another line of work 

11 2 

More money 

3 57 

More money 

9 48 



Parents object 

4 31 




seems to prove that the modern parent is equally interested in both 
girl and boy. 

To continue this consideration of parent attitude, it is found that 
45 93% of all boys' parents agieed with then sons' choice, while 
29.1% diftered Fifty-six and eighty-five one-hundiedths per cent 
of all girls’ parents agiecd, while 18 21% differed A study was 
made of the reasons for these differences of opinion, the most im¬ 
portant of which will be found in Table 6 


TABLE 6 

Reasons for DiFrcRBNCB op Opinion on Part of Parents 


Boys 


Guls 


Make money 

% 

3t 18 

Thinks better fitted 

% 

Thinks betcei fitted 


for another vocation 

41.96 

for another vocation 

23 «5 

More money 

16 96 

Member of family in work 


Belter position for women 

125 

of parent's choice 

16.12 

Unable to nfford training 

7 14 

Moie seciiie 

7 52 

Moie secure 

5 53 

Altuiistic reasons 

45 

Membei of family m work 


Unable to afford training 

107 

of paient's choice 

2 67 


The parent is most concerned with his son's making a good living, 
and next with his aptitude foi the type of work The gill’s parent, 
on the othei hand, placed fitness foi woik first, doubtless realizing 
the impiobability of much financial success 

When the boy’s choice was corapaied with his father’s work, 
well ovei three-fouiths were not the same This is shown by the 
following figures’ 98.24% of the American-born technical boys 
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did not choose the father’s vocation; 95.83% of the academic boys 
of foieign paientage, 92.39% of the Negio bevs; 88 88% of the 
country boys, 86 66% of the technical boys of foreign parentage, 
and 85 29% of American academic boys (vvlntc) According to 
Willard (26), the greatest numbei of those who choose the parent’s 
occupation is found at 13, the age when so many boys leave school. 
From that age tlieie is a steady incicasc in independent choice. 
Hollingwoith (19) declaies that scientific study of human imtmc 
informs us that about 75% of offspinig can be assigned with social 
justice to the level of occupation foi which they arc fitted by simple 
rcfeience to tbcir paients’ occupations. The lemaining minoiity 
will be misfits m modern life if so assigned This study could not 
be made for the giils, as comparatively few of the mothers aic 
employed in any work othei than hoinc-makmg. 

A study of the tcachei’s rating, m iclation to the child’s choice, 
seems to prove that scholastic achievement has little bcaiing upon 
the selection of a vocation For example, out of the 54 boys who 
selected engineering, 9 were latcd above aveiagc, 35 avciage, and 
10 below average, Out of 36 boj's who chose a business caieer, 
26 were average, 4 below, and 6 above. Of 136 giils who made 
the same choice, 108 weie average, 14 above average, and 14 below 
average, Forty-nine girls chose aursing, 31 of these we\e average, 
7 above, and II below. An outstanding exception was m the case 
of the 8 boys who selected autlioisliip, 5 of whom wcic above aveiage 
and 3 average 

Summary 

Briefly summaiized, this study shows: 

1. That engineering is first choice of vocation with boys, teach¬ 
ing with girls 

2. That “like it” IS the icason given by most of the boys and 
the girls, Money is second ivith boys, “fitted for it” with girls 

3 That 63.39% of the boys and 77.22% of the girls expect to 
follow their first choree of vocation, 

4 That the greatest number of both boys and gnls gave as 
their reason for inability to follow then fiist choice "not possible 
to attain.” 

5. That the modern p.'iiciit is equally interested in the vocation 
of both boy and girl. 
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6. That) when the patent disagreed with the son's choice, he 
gave as his reason that moie money could be made in another field. 
With the girl the reason was that she was perhaps better fitted for 
another vocation, 

7 That ovei three-fouiths of the boys chose professions other 
than those of the parents 

8 That scholastic achievement has little bearing on the adoles¬ 
cent’s selection of a vocation. 

Conclusion 

In conclusion, this study of vocations selected by the different 
types found in American schools seems to prove that race and en¬ 
vironment affect the student’s selection For example, the Negro 
boys and girls cliose teaching because, as a race, these people 
consider it a position that gives prestige Music was chosen only 
by those who had had opportunity to study, or whose hciitage was the 
love of music. The interests and conditions of the times arc also 
impoitant as exemplified by the great number of boys who would 
like to be aviators and girls who picfcr a commercial career. The 
majority of boys and girls do not consider their abilities or talents, 
or there would be a more equal distribution among the lines of 
work, and a greater number of boys would select the father’s voca¬ 
tion or one similar A need for wise, careful guidance is made 
plain Not only must the child become acquainted with the many 
present-day occupations, but he must be shown how to evaluate 
his abilities and how to find his place in the economic structure 
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UNE ETUDE DE L'ATTITUDE DES GARMONS ET DES FILLES DE 
L'ECOLE SECONDAIRE SUR LE CHOIX D'UNE CARRIfeRE 

(Rcsame) 

Un qucstionriAirc sur {‘alUhtde monttee k Vegac<i d’une cariiere, soumts 
^ 236 gaigona negrcs ct ^ 211 garqons dc race blaacitc, et & 359 fillca nigres 
et a 326 cie race blanche dans les ^colcs du Kendicky eC ccllcs de la 
ville de New-York, a livele les fails suivants le g^nie est Ic premiei choix 
de carniic dcs gar^ons tandis qiie i'enseignemcnt en cat Ic picmici des Elies, 
la raison Ic plus souvent donnde de ce choix de canierc est “je I'aiine” 
ail cas des gargons et des lilies, tandis qiie la deuxieme rnison Ic plus 
lidquemment donnde da choix de canidre a dtd “I'argent” au cas des gaiqona 
et "capable de le lempltr" an cas des filles; 63,39% des gaiqons ct 77,22% 
dcs Biles out I’lntcntion dc sqivic Icnr premier choix de carn^re, tandis Qiie 
ceiix qiu re comptent pas smvic leiir premier choix donnent comme la raison 
la plus frdqiicnte Ig fait qo’iJ "n’est pas possible dc I'atteindre’', Ic parent 
moderne s’intdicsae egalcment Ik la carildre des gar^ons ct dcs lilies, I’ln- 
terrention des patents dans le choix de caiitdie du Bis a dtd basee sur la 
supposition que celuvcl poiirrait gagner plus d’argent en clioisissant unc 
autre carridie, tandis qu’au cas des Biles I’intervcntion a dtd dii au fait que 
les parents croyaicnt que la Bile sciait mietix adaptde h une autre carridie 
qu'i cells qu'ctle avait choisie, plus des tiois quarts des gargons ne 
choisissent pas la cnrridie tie Iciirs parents, enBn, le rendement scolnirc 
n'lnflue que tida peu sur le choix dc carridre dc Tadolcscent 

Hurlock et Jansino 


EINE UNTERSUCHUNG DER EINSTELLUNG ZUM BERUF VON 
KNABEN UND MADCHEN 1M MITTELSCHULALTER 

(Refcrat) 

Man untcrbrcitete elnen Fragebogen uber die Einstellung 7iim Beruf 236 
Ncger- und 211 weissen Koaben, und 359 Neger- unil 326 weissen Madchen 
in Schulen des Staates Kentucky imd der Stadt New York, und eihielt die 
fojgenden Ergebmsse Dei Ingenieinbcml ist die cistc Beriifsivab) der 
Knabeti, dei Lehrerbcnif die erste dei Madchen Dcr hauhgste Grund, den 
Knaben und Madchen fur die Bcnifswahl angaben, tvai "moclite das gern," 
der ziveithaufigste war "Geld” fur ICnaben und “eigne mich darii” fur 
Madchen. 63 39% dei Knaben und 77 22% der Madchen hoffen, class sich 
ihr erstgensnntcr Beruf verwiiklichen werde, die ubiigen, die daran nicht 
glaiiben, geben als haufigsten Grund "Vervvicklichung unmoglicli ” Modeine 
Elt rn inteiessieren sich fui die Beiufswahl der Knabon sowohl, vrie fur 
die der Madchen Der Einspiuch dcr Eltein gegen die Beiufswahl der 
Sohne bcriiht auf dei Annahme^ (lass diese in andern Berufsarten mehr 
Geld verdienen konnen, gegen die Wahl dci Madchen auf dem Glauber, 
dass sie sich fui einen andern Beiuf als den gcwahltcn bessei cigncn Ober 
drei Vicrtcl der Knaben wahlten nnderc Berufe als d.ie dcr Eltcrn Endlicli, 
SchuHeistimgen habeii wenig Einfluss auf die Bcrufwahl der Jiigend 


Hurldck und Jansinc 



A STUDY OF THE RELATION OF OCULAR AND 
MANUAL PREFERENCE TO MIRROR 
READING'! 

From the IVayne County Trmnuig School 


Samuel A Kiiac 


In an attempt to trace the etiology of leading disabilities inves¬ 
tigators have obseived that letardcd rcadeis may be abnormally 
fluent in minor leading and may exhibit a tendency to reverse 
letteis and words, as in reading h foi rl, p foi rj, and zvas foi saio 
These anomalies in reading have been explained by Orton (6) as 
lesulting from the lack of ceiebial dominance. He foimuLited 
the theory that childicn who have not established a clear-cut dom¬ 
inance of one cerebral licmisplicrc tend to icvcisc woids and Ictteis 
and to manifest gieat facility m inirioi reading. Dearborn (1), 
on the other hand, docs not accept the tlicoiy of cciebral domi¬ 
nance, but prefers to explain the fact of icvcis<ils among deficient 
readers in what he regards as the moic objective tcims of ocular 
and manual dominance. By compaung a group of cxtiemely ic- 
taided rcadeis with an unselectcd public-school population, Com- 
foit (reported in I, p. 704) found a piepondcinncc of Icft-eyedncss 
and mixed conditions of oculai and manual dominance in the group 
of retarded readers Dcaiborn thcicfoic concluded. “The clextial 
sequence of eye movements Is kmcsthetically the essence of reading. 
Left-eyed children may tend to move in the opposite diiection, to 
begin at the wiong end of words or to icvcise the oidei or even 
to perceive letters m tlie wrong way as m seeing b as dj or boy as 
dog ” Although he suggests a relationship of left-eyedness to rc- 
vcisal eirors nnd to the tendency to read from right to left, Dcaibom 
has not experimentally investigated these relationships, nor has he 
lelatcd these anomalies to facility m mirror leading 

*Reconiniended by Thorleif G IIcebc, accepted foi publication by Carl 
Murchison of the Editoiial Boaid, and received in the Editorial Ofbee, 
May 5, 1933 

’From the Wnvne County Training School, Northville, Michigan, Robert 
H Haskell, MD,, Medical Superintendent Studies in Educational Dis- 
aifihlies and Menial Deficiency, directed by lliorlcif G Ileggc, PhD, 
Scientific Director The author is also indebted to Miss Elizabeth Sunday 
for aiding in the administration of the tests 
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Working independently of Deaiboin, Marion l^lonroe investi¬ 
gated various phases of reading disabilities In one of her fiist 
studies (4) she found that letaided readeis weie more fluent in 
rairroi reading than were noimal readers of the same reading grade 
In a later study (5) she verified the lesults of the first cxpeiiment 
and also found a greater incidence of left-eyedness in a reading- 
defect group than among normal readers Fuithermore, she has 
attempted to test the belief that left-eyedness or mixed conditions 
of oculat and manual dominance may be significantly related to 
mirroi reading. Since the present expeiinient is very similar to the 
study reported by Monroe, the latter will be described in some 
detail 

Using three consistent trials with a caidboaid cone as the cri¬ 
terion of ocular dominance, and regarding the hand preferred foi 
spontaneous writing as the dominant hand, Monioe (5) compared 
cJiildien who presented consistent dextial eye-iiand dominance with 
children who showed piefeience foi the right hand and the left 
eye Her results showed that in a control group of normal readers 
(33 puie dextrals and 18 mixed dextrals)^ the mixed dextials made 
significantly fewer eirois in miiioi leading, but weie not signifi¬ 
cantly superior in terms of time. In the reading-defect group (62 
pure dextials and 42 mixed dextrals), however, the mixed dextials 
exhibited significantly greater facility than the puie dextials m 
speed of minor reading, but there was practically no difterence 
between tlie two dextiality types in teims of errors She concluded 
"Left-eyed piefeience is associated with fluent rairroi-leading, 
and fluent miiror-ieadmg is associated with reading disabilities.” 
Monioc seemed to regard her findings as merely suggestive and 
pointed out tliat in ordei to disclose the nature of the obscure 
lelationships between hand-and-eye piefeiences, iniiioi reading, and 
leading disabilities tuithei contiollcd expeiimcntation is needed 

The Problem 

The piesent problem is to study, by means of moie icliablc tests, 
the relationship between oculai and manual piefeience and inuior 
reading in a gioup of high-giadc mentally defective cliildien 


°Di Monroe dehnes pure dextials as childien who piesciit consistent 
dextral prefeience, i e, iight-haiid-iight-cve dominance, and mixed dex¬ 
tials as childien v\ho picscnt iigfat-hand-left-cye dominance 
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Method of Experimentation 

A number of children were tested for ocular and manual prefer¬ 
ence and were then given normal- and mirror-reading tests. 

a. Ocular preference was determined by giving ten timls on 
the Miles V-scopc (3), and five trials on the sighting test used 
by Scheidemann (7). The criterion foi eye piefcrence was at 
least eight out of ten consistent responses on the Miles Test and 
at least three out of five consistent responses on the Scheidemann 
Test. 

b Handedness was determined by giving four handedness tests, 
namely (1) hand used for spontaneous writing, (2) batting, (3) 
needle-threading, and (4) tapping. The last consisted of a com¬ 
parison of the right and left hands in tcims of tlie nuinbei of taps 
within a 10-second peiiod (two trials for each liand) The cri¬ 
terion for handedness was the hand picfcrred foi spontaneous writ¬ 
ing plus a correspondence of two out of the three other handedness 
tests given, 

c. Mirras’reading te$ts Two miiror-rcadmg tests were given 
First, the miiroi-rcading test used and standardized by Monroe (5, 
p. 197) was administered according to directions This test requires 
the child to read a selection of 46 words of primci material from 
a mirror. It is the observation of the wiiter and others that certain 
children experience difficulty in adjusting to the position of the 
primer and the mirror, and frequently refuse to try For this 
reason another mirror-reading test was devised and used together 
With that of Monroe This second mirroi-ieading test consisted 
of Gray’s Oral Reading Check Tests (2), Set I, Numbeis 3 and 
5, reprinted in mirrored form so that the child would not be le- 
quired to read from a miiror. These check tests as standaidized 
by Gray are equivalent, each consisting of 40 woids of piimer or 
first-grade reading material Moreover, to provide for comparison 
with normal reading of equivalent material, the Giay Oral Read¬ 
ing Check Tests, Set I, Numbeis 2 and 4, were administcied m 
standard form. Thus each subject was required to read, in order, 
the following material* standard Check Test 2, mirroied Check 
Test 3, standard Check Test 4, and mirrored Check Test 5 For 
Convenience mirrored Check Tests Numbers 3 and 5 will heieafter 
be referred to simply .as “the minored check test.” 

Whereas in the Monroe mirror-reading test no aid is given when 
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a child blocks on a word, on the mirrored check test the directions 
provided for aiding a subject after he had blocked on a word for 
ten seconds The time for reading each paragraph was taken by 
means of a stop-watch and all errors were recorded. The follow¬ 
ing were regarded as errors words aided, woids omitted, words 
inserted, words mispronounced, and two or more consecutive words 
repeated. 

d A gradt for each child was obtained by giving the 

Gray Standardized Oral Reading Paragraphs A further measure 
of oral reading in terms of tune and crrore was obtained by giving 
each child the Gray Oial Reading Check Tests, Set I, Numbers 
2 and 4, as described above, 

e, ^eUctUn of Subjects The subjects were high-grade men¬ 
tally deficient children in the lower division of tiie Wayne County 
Training School In order to obtain a sufficient number of left- 
eyed subjects a teachei informally tested the eye preferences of 
children in the classioom, and those suspected of being left-eyed 
were icferred for the examination. Other childicn were selected 
at random on the basis of the teacher’s judgment that their reading 
ability was between Grades 1 and 4 All subjects were tested 
individually on the battery of tests listed above. 

Seventy-four subjects participated in this experiment The records 
of 13 subjects were discarded either because handedness or cyed- 
ness could not be determined according to the cnteria given above, 
or because they scoied lower than Grade 1 4 or above Grade 4.0 
on the Gray Standardized Oral Reading Paragraphs Thus the 
remaining subjects wcie either distinctly left- or right-eyed, and 
left- 01 right-handed accoiding to the ciitena previously set forth, 
and all subjects scored between Grade 1.4 and Grade 4 0 on the 
Gray Standardized Oial Reading Paragraphs 

Results 

The scores of 61 high-grade mentally defective children (median 
IQ 67; interquartile range 61-73) aie given m the following tables 
It should be mentioned that the group was fairly homogeneous The 
interquartile range for CA’s was 12-14 The mteiquaitile range 
for MA’s was 8-9 The group consisted of 30 giils and 31 boys 

First, in order to test the prevalent belief that mirioi reading 
is associated primarily with left-eyedness, a gioup of 30 right-eyed 
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subjects was compared with a group of 31 left-eyed subjects, irre¬ 
spective of handedness. Both groups, howeyci, were largely right- 
handed, there being 5 left-handed subjects in the nght-eyed group 
and 6 left-handed subjects in the left-eyed group. 


TABLE I 


A Comparison of Riciit-eyld and LEiT-Evri) Groups 
IN MniROR Reading 



Right- 

cved 

group 

N Mean 

N 

Left- 

cyod 

gioup 

Mean 


Normal reading 

1. Gray Oral Reading 
Paragraphs 

Reading grade 

30 2 69±0 09 

31 

2 79±0 07 

85 

2 Gray Oral Reading 
Check Tests (Set I, 

2 and 4) 

Trnne 

30 52 66±i 86 

31 

52 5+±3 53 

02 

Errors 

30 3 47±0 4S 

31 

3 13±0 34 

60 

Mirror rending 

1 Mirrored Check Test 
Time 

30 I22l>i>±4 64 

31 

148 65±8 17 

2 77 

Errors 

30 1993*135 

32 

19 39±1 29 

.29 

2 Monroe Mirror-Readtng 
Test 

Time 

28 92 21*4 54 

28 

88 46*4 76 

57 

Eriors 

28 12 2S±0 90 

28 

11 6l-±0 85 

52 


From the data given in Table 1 it is readily seen that in terms 
of noiraal oral-reading ability the two gioups are quite equivalent, 
both on the grade score as obtained by the Gray Oral Reading 
Paragraphs test and on the Gray Check Tests (Set I, Nos 2 and 
4) The results of the scores obtarned oi\ the mirrored check test 
show that the left-eyed group is inferior in nrirroi reading in teims 
of time and slightly superior m terms of errors but that neither 
difterencc is statistically significant The scores on the Monroe 
mirror-ieading test vciify the results of the minoietl check test in 
that no significant difterencc is found between the riglit- and the 
left-eyed groups. 

To test the reliability of the miiioicd check test tlie reliability 
coefficient for tunc of mirror reading was obtained by con elating 
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mirroied check test 3 against mirrored check test 5. The correla¬ 
tion was found to be + 80± 03, and, when corrected for length 
by the Speaiman-Brown “piophecy” foiinula, became ■k.89 For 
errois the leliabilitv coefficient was + 77±.04, which, when cor¬ 
rected foi length, became -f- 87. No leliability coefficient was obtained 
for the time on the Monioc minor-ieading test The coiielation of 
errors on the first half of the test with the eiiors on the second half 
of the test was -}-,53±.06. Correction for length gave a reliability 
of -|-76 Thus both minor-ieading tests are sufficiently reliable 
to waiiant their use as measuies of ability in minor reading. 


TABLE 2 

A Comparison of Homolatcral and Contralateral Eye-Hand Groups 
IN Mirror Reading 


Homo- 

Contra- 


latcial 

lateT.ll 


eve-hand 

eye-hand 

Diff, 

pretei- 

prefer- 

once 

ence 

P 

N Mean 

N Mean 



Normnl leading 
1 Grny Oral Reading 


Paragraphs 



Reading grade 

31 

2 71±O,08 

28 

2 77±0 08 

SO 

2 

Gray Oral Rending 
Check Tests (Set I, 
Nos 2 and 4) 

Time 

31 

SS61±3 97 

28 

+9 50±3 56 

1 15 


Eiiors 

31 

3 32±0 38 

28 

3 36-1-0.45 

07 

Mirror reading 

1 Minoied Check Tests 
Time 

31 

130 35±531 

28 

133 57+6 84 

37 


Errors 

31 

18 45-+-l,27 

28 

20 21-Hi 39 

94 

•2 

Monroe Mirror-Read¬ 
ing Test 

Time 

30 

99 00±+S7 

25 

79 68-1-4 55 

2 99 


Errors 

30 

11 70±0 87 

25 

12,48±0 91 

62 


*The number of cases for the Monroe mirror-reading test were fewer 
than for the mirrored clieck test because a few of the subjects seemingly 
found reading from a mirror extremely awkward and after several futile 
attempts refused to continue Their scores on the mirrored check test, 
however, wcie included The insignificant tendency toward the aupcriority 
of the contralateral group on the Monioe mirror-reading test in terms of 
time is due to llie fact that ceitain subjects who scored very high in time 
on the miriored check test were eliminated from the scores of the Monioe 
mirror-reading test because they refused to continue This fact explains 
the discrepancies in tendencies between the mirrored clieck test and the 
Monroe mirror-reading test 
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A compaiison of a group with liomolatcral eye-hand preference 
and a group with contralateral eye-hand prefeience is given in Table 
2 This comparison is veiy similar to the comparison in Table 1 
with the exception that the five left-handed subjects, m the light- 
eyed group of Table 1 fall in the contialateial eye-hand gioup of 
Table 2, and, similarly, the six left-handed subjects in the left-eyed 
group of Table 1 fall in tlie liomolatcral eye-liand gioup of Table 2. 

On the mirrored checlr test the contralateral eye-hand preference 
group IS slightly slower in miiioi leading and piesents slightly 
more errors than the homolateral eye-hand prefeience group. In 
neither case are the diftcieiices statistically significant Although 
on the Monroe mirror-rcading test the contialateral group exhibited 
greater facility in terms of time, it presented a gieatei number of 
errors than did the homolateral group. Ncithei difference is sig¬ 
nificant 

Since Monroe's results are based on a comparison of a group 
which presented right-hand-iiglit-eye picfcience (puie dextials) with 
a group showing nght-hand-left-eyc picfcience (mixed dextials), 
our results were analyzed fot this hnndcdncss-cyediicss classification. 
The data are presented in Table 3 Fewer cases fall m these 
handcdncss'cyedncss categories since all left-handed childien were 
necessarily eliminated from this comparison. 

The results given in Table 3 indicate that the so-c-alled condition 
of mixed dextrality does not facilitate minor reading. The differ¬ 
ences between the means of the minored check test tend, if anything, 
to indicate a superiority of the pure dextrals, in tcims of both time 
and errors, whereas the diffeienccs between the means of time and 
errors on the Monroe mirror-reading test point to a supeiiority of 
the mixed dextrals ^ None of the differences, however, are statis¬ 
tically significant. 

The data given in Tables 1, 2, and 3 indicate mainly that there 
IS no relation between left-eyedness and mirror reading in oui group. 
Although in Tables 1 and 2 thcie Were an equally small number 
of left-handed subjects m each group, it should be emphasized that 
this study has dealt with groups having left- oi light-eye pieference 
associated largely with right-handedness. It should also be empha¬ 
sized that not all possibilities of ocular and manual prefeience and 
their relation to mirror reading have been investigated. Further 


“See footnote to Table 2 
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expecimentiition is necessaiy to disdose any possible lelation of 
mirroi leading to other conditions of ocular and manual pieference, 
mainly sinistrality, nmbidcxteiity, and amphiocularity 

SUPPLEMFNTARY RESULTS 

Our general results and conclusions immediately laisc the ques¬ 
tion. Wlieicin did the present study differ fiom that of Momoe, 
and what is lesponsible for the diflciencc in the results? At the 
piescnt stage of cxpeiimentation this question cannot be answeied 
conclusively, but a comparison of oui data with those of Monroe 
suggests a tentative explanation based on the diftcieiice m the intel¬ 
ligence levels of the two groups 

Since no normal cliildicn have been tested on the inirroied check 
test, no compauson of oui gioup with normals could be made on 
these tests Plowcvcr, since Di. Monroe has estabhsliecl noims for 
mirror reading with normal rcadcis of normal intelligence, it was 
possible to compare our mentally defective gioup with Monroe’s 
normal group on the Monroe minor-reading test. 

A comparison of the scores obtained by our subjects on the Monroe 
muLor-reading test with the norms standardised by Moinoc is given 
in Table 4. The interquartile ranges foi cuors in our group are 
somewhat similat to the interquartile langes of Monioc’s noimals. 
As would be expected fiom these similar distiibutions, 23 per cent 
of our mentally defective group fall in the highest qiiaitile of Mon¬ 
roe’s norms In terms of time, however, 84 per cent of our gioup 
fall in the highest quartile of Monioc’s norms, i c., 84 per cent of 
our group exceed 75 per cent of the noimals iii fluency m mirror 
reading. 

If our grade scores are compaiable with those of Monroe, retarded 
intelligence may be one of the factors associated with facility in 
mirror reading Of course, our grade scores are obtained only on 
the Gray Oral Reading Paragiaphs test, whereas Monroe’s giadc 
scores were obtained by taking the average of four reading tests. 
Although this point precludes the formulation of definite conclusions 
(since the scores obtained on the Gray Oral Reading Paragraphs 
test may not be sufficiently compcirable with Montoe’s giade scores), 
such a comparison docs suggest that mentally letaided children may 
be superior mirror readers when compared with normals of the same 
reading grade This superiority may tend to eliminate the possible 
influence of ocular and manual preference in our group. 
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Discussion 

If left-eyedness and a condition of mixed ocular and manual pref¬ 
erence (as studied in our group) are not factors influencing facility 
in mirror reading in a mentally defective population, what then 
would be the contributing factors? What essential cliaractenstics 
are peculiar to tlie mirroi readei? The writer has no further 
experimental facts to offer, but some suggestions may be given on the 
basis of clinical observations 

In a group of mentally retaided reading cases, the writer has had 
the oppoitunity to study the characteristics of nine extreme mirror 
readers. No single consistent factoi was found in t!ie group. For 
example, three subjects were left-handed and left-eyed, three others 
were rightdianded and left-eyed, and the remaining thiee were right- 
handed and light-eyed. All nine cases were examined by an expert 
ophthalmologist. He rcpoitcd that five cases had a greater or less 
degree of muscle imbalance, cither defects of conveigence or opthal- 
moplcgia externa, The other four were diagnosed as iiavnig refrac¬ 
tive errors of various forms As to otliei characteristics, one left- 
handed subject suffered fiom right hciniplegin. Two subjects had 
speech impediments (lisping and stuttering). Thus it is apparent 
that mirror reading, in this group of nine extieme mirror leaders, 
cannot be attiibuted to any one of the above-mentioned factors alone 
Out findings seem to indicate that the relationships between 
mirror-reading ability and physical characteristics may be moic com¬ 
plex than IS generally appreciated and m all piobability may also 
be obscured by the factor of intelligence 

Moreover, the complexity of the problem is fuithei emphasized 
by the possibility that environmental factors may also be instrumental 
in the development of facility in mirror leading. It is peihaps not 
sufficient to ascribe fluent mirroi reading in an individual to some 
physical or psychophysical characteristic alone, for the chaiactcustic 
mav be consideied only as a disposition to the acquisition of mirroi 
reading It follows, therefore, that the acquisition of miiror lead¬ 
ing, which is, of course, a learned response, may also be dependent 
upon the particular nature of the situation m which this lesponse 
occurred. 

We can, from observation and clinical piactice, find many environ¬ 
mental factors which may be operating to confuse the child in the 
direction of reading. First, one may ask, wh.it is the influence of 
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a right-handed teacher on a left-handed child or a left-handed teacher 
on a nght-lianded child? We do not know what conflicting ten¬ 
dencies may develop m a child whose handedness differs from that 
of the teacher. Secondly, to what extent arc the present methods 
of teaching instrumental in the development of minor leading? One 
may raise the question of the possible influence of the child’s 
initial set in the diicction of reading caused by certain teaching 
proceduies, For example, a teacher may point to a sentence or a 
word from the right side, or the child, who is seated to the right 
in the classroom in relation to the blackboard and the reading 
charts, may first have his attention attracted to the wrong end of 
words and sentences. Moieover, many primers and picture dic¬ 
tionaries have some action pictures with motion indicated in the 
direction fiom right to left Receiving no specific instructions at 
the outset, a beginning readci, who knows nothing of direction m 
reading, may undei such conditions develop a tendency to read fiom 
right to left and thus lay the foundation foi minor-reading ability 

It should be pointed out, however, that these possibilities are only 
suggestions and that their significance in the development of fluent 
mitror reading is unknown and icmains a pioblem for futuie ex¬ 
perimentation. 

Summary 

A group of 61 high-grade mentally dcf«:tive childien (median 
IQ 67) weie tested for oculai and manual prefeience and were 
given normal- and mirror-ieading tests (1) Contiaiy to previous 
expeiimental results and to thcoictical expectation the 31 children 
m the left-eyed group (laigely right-handed) were not supenoi 
mirror leaders as compared with 30 right-eyed subjects of the same 
handedness classification and of the same leading grade. (2) A 
comparison of our results with those of Mauon Monioe for normal 
children (median IQ 110) suggested that our mentally defective 
group were superior in mirror reading to normal children of the 
same reading grade (3) It is suggested that certain enviion- 
mental factois may be instrumental in the development of mirror 
reading, and that future investigations of the causes of this ab- 
noimality should include the study of enviionmental factois as well 
as of a combination of v.mous phj^ical, psychophysical, and en¬ 
vironmental conditions 
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UNE ETUDE DE LA RELATION ENTRE LA PREfCRENCE OCU- 
LAIRE ET MANUELLE ET LA LECTURE AU MIROIR 

(R4sum6) 

On a testf tin groupe de soixante et iin enfants foibles d'espnt sup^nenra 
(Q. I mediatt 67) pour leur pr6f^rcnce oculairc et mnnuelle et on Ictir a 
fait subir des teats normaux et des tests dc lecture nu niiioir (1) Con- 
ttauenveckt aux riaultats eicpdrimeniatix antdrietirs et fi ['expectation 
thdorique lea trente et un enfants du groupe de Tocil gauche (dont la plu- 
part one 4t4 cltouiets) ne sont pas montris supfrlcurs I'igaid de la lecture 
au miroir aux trente sujets d’oeil droit de la memo classihcntion quant h 
Vusage des mams ct du mttnc rang ft Veg.irtl ilc la lecture (2) Une com- 
paraison de nos resultats b ceux de Marion Monioe pour Ics enfants nor> 
tnaux IQ I mfdian 110) a sugg^rf que notre groupe d’enfants fftiblea 
d'esprit ont etf siip^neurs dans la lecture au miroir .tux enfants normaux 
du meme grade de lecture (J) On suggere quo ccrlnins faclcura du milieu 
puiisent etre en jeu dans le developpcment de la lecture au miroir, et que 
jes enquStes subsequentes doivent mclurc Pfctude des facteurs du milieu 
aussi bien qu'unc combinaison de diverses conditions physiques, psycho- 
physiques, et du milieu 

Kirk 


EINE UNTERSUCHUNG 0ER BEZIEIIONG DER GESICHTS- UND 
HANDTaTIGKEIT ZUM LESEN IM SPIEGEL 

(Referat) 

Man prufte eine Griippe von eimindsechzig hocligradig gcistig minderbc- 
gabten Kindern (mittlerer IQ, 67) auf ihre Geaichts- iind Ilandbevorzugung 
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und gab ihncn normalc Spiegcllesetests (1) Im Gegensabz zu den fiulieien 
Ergcbnissen expenmcnteller Unteisuchungcn und thcorctischen Eiwartungen 
waren die eimincldieiiaig Kinder der Imlsaugigen Gruppe (meiatens 
reclitshaiidig) nicht uberlegene Spiegelleser, verglichen mit den dreissig 
rechtsniigigcn und gleichhandigen Versuch^peiaoncn init glcichcr Lcscfeitig- 
kcjt (2) Ein Veigleicli unserci Brgebnisse nut denen Marion Monroes fur 
normale Kindei (mittlerei IQ, 110) drangt die Vermutiing aiif, dass unseie 
minderbcgabtc Gruppe den normalen Kmdcin init glcichci Lescfcitiglccit 
im Spicgellesen ijberlegen ist (3) Man daif annehincn, class gcwisse 
Fnktorcn dca Milieus in der Eiitwiciwlung des Spicgellebens behilllich selen 
und der Aiitoi rat bei kunftigcn Untersucbuiigcn uber die UisaLhen diescr 
Abnoimalitat die Untersuchung aowofil dci Milieufaktoien wie der Kom- 
binationen vcischiedenei physischei, psycbophysiscber und inilienaitigei 
Bedingiingcn cinzubc/iehen 


Kirk 



A SCALE FOR EVALUATING ADOLESCENT 
PERSONALITY* ^ ^ 

From the Deparlmntl of C/iild Development and Parent Education of 
the New York State College foi Teachers 


Marg-vrft Hayes 


The increasing emphasis upon the all-round development of the 
child has revealed a new measuieinent need in education Teachers 
are expected to develop desirable social and emotional bebavioi pat¬ 
terns in children as well as mental and physical ones. Progiess 
depends in large mcasuie upon evaluation of woik at various stages, 
in order that ineffective methods may be discarded and better proce- 
duies devised Intelligence testing was accepted by many educators 
at the beginning of the twentieth centuiy, and this was followed 
closely by the objective measuicment of subject-matter. Definite 
accomplishments m aptitude testing came about 1918. This was 
followed by techniques foi discovering inteiests, and later supple¬ 
mented to evaluate attitudes and chaiactcr oi personality. 

So far, none of the techniques for evaluating interests, attitudes, 
and chaiacter have been widely used in the schools Koos (6, pp. 
281-282) reports m a recent survey of junior, senioi, and foui-year 
high schools that ratings on character were used in not moic than 
10 per cent of these scliools, whereas 61.9 per cent used standardized 
achievement tests, 50 pci cent had physical examinations and meas- 

♦Accepted for publication by Carl Murchison of the Editoiial Board and 
received in the Editorial OiRce, May 31, 1931, 

‘■Grateful acknowledgment is made to Dr J. AlLan llicks, Diiector of 
the Department of Child Development and Paient Ecliic.ntion of the New 
York State College for Teachers, and to Dr, Goodwin Walson, Professor 
of Education, Teachers College, New Yoik City, for valuable suggestions 
and cnticlsma both during the progress of the work and in the preparnlion 
of the manuscript Much ciedit is due Earle J B Kesten for helpful 
ctiUciam and aid in the collection of data The author I's also indebted to 
the judges for their evaluations, and to Piofessoi John M Snvles, Director 
* Teacher Training of the New York State College for Teachers, Dr 
R W, Fiedcrick, Principal of the Mtlne Junior High School, and the 
supervisory staff of the school for indispensable assistance in expeiiraenta- 
tion with the scale 

’This scale has been published by the Psychological Corporation, 522 
Fifth Avenue, New York City, undei the title “A Scale foi Evaluating 
the School Behavior of Childicn Ten to Fifteen,” and may be obtained 
from them in any desired quantity. 
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urcmeats, and 75 per cent made at least some use of mental tests 

Efforts to estimate character or personality have usually taken 
the form of rating scales and tests Sherman (7) has published an 
excellent resume of the more impoitant woilc that has been done 
in this field, together with an analysis of its piobable value Pei- 
haps the most ambitious and better-knovm efforts to test phases of 
personality are the Character Education Inquiry Tests devised by 
Hartshoine and May (2, 3, 4), the work of Wiclcman (11) in 
evaluating childien’s behavior and teacheis’ attitudes, StodgiU’s (8) 
study of parental attitudes and mental hygiene standaids, and 
Downey’s (1) Will-Temperament Tests, These studies have 
given an impetus to efforts to evaluate personality and have doubt¬ 
less had a stiong influence upon present-day thinking along this line. 
Howevei, the numerous difficulties m personality measurement have 
been only partially overcome by these authors. The Character 
Education Inquiry Tests seem impractical for general use because of 
tlieii cost and the amount of time requiied to administer the tests 
and score the papers, according to Hayes (5) The works of 
Stodgill and Wickman have been criticized by Watson (10) for 
ambiguity of items, unreliability of judgments as shown by high 
standard deviations, and the possible fallacy of using the judg¬ 
ments of mental hygienists foi a standard. Progress is being made 
in this field by a giadual evolution of more accurate notions of the 
true natuic of charactei or personality and closer appioaches to 
accuracy and objectivity m its evaluation This paper describes a 
personality rating scale for use with adolescents. An attempt has 
been made to devise a procedure that is simple enough foi the use 
of the average classroom teachei, not too time-consuming, and as 
objective as possible 

There are many definitions of personality. Some of these seem 
quite different, but many of them contain elements upon which there 
IS more or less geneial agieement. There is a pronounced tendency 
to regard social adjustments as related to personality The method 
of evaluating peisonahty desciibed in this paper is based upon a 
concept of peisonahty as the complete set of habits oi behavior pat¬ 
terns possessed by the individual, as these habits manifest tliemselves 
in the situations of everyday life Observable behavior is accom¬ 
panied by innei tendencies or attitudes which must be taken into 
account in evaluating the observable behavior of individuals This 
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concept of pcisonality is appaiently in .igiccment with that of Voel- 
ker (9). In evaluating personality, the piactical thing to do is to 
jecord overt behavior and make the best intcipietation possible of 
the feelings and attitudes back of such bcliavior, Since any oveit 
beliavior must be interpreted m lelatioii to the situation in which it 
manifests itself, any mdividual's possession of a given habit cannot 
be decided by its appearance in a single isolated situation. If, 
however, the individual’s behavior is noted in several situations, a 
chainctCTistic behavioi pattein may be detected, both as to type of 
habit and degree of intensity In the scale which is desciibed in 
this paper, the words “usually” and “often” aie used to indicate 
the presence of a characteiistic behavioi pattern 

The technique liete described is called the “Personality Rating 
Scale for the Adolescent in the School” and is designed primiuily 
for the use of tcacheis A similai scale is called the “Peisonalitv Rat¬ 
ing Scale foi the Adolescent m the Home” and is for the use of 
parents Their purpose is to show objectively the habit patterns of 
adolescents in tcims of dcsnable or undcsiiablc personality develop¬ 
ment and to fuinish the basis for an analysis of the inaladjustraents 
and developmental needs of adolescents. By the use of these scales, 
It IS possible to secure an objective scoie to icpresent the personality 
of the child and to secuic diagnostic material nccessaiy in meeting 
his needs 

Construction of the Scale 

The Personality Rating Scale for the Adolescent in the School, 
in its final form, is made up of a list of 100 items, each of which 
is a habit pattern which may be possessed bv an adolescent In 
order to secure the items tlic author took 200 detailed one-hour 
diarv records of the observable behavior in school of 20 adolescents 
An analysis of these iccords furnished 221 items which were sub¬ 
mitted to a group of 100 students of advanced psychology m winter 
courses at City College, New York (Group A) to be evaluated 
according to the directions given below. 

On the following pjiges arc listed units of children’s behavior These 
units vary in their signiBcance as indications of character or personality 
development, Please evaluate each unit as follows 

Assume that each statement tells one thing known to be tiue of a twelve- 
year-old boy or girl Place before each statement one number from the 
following: 
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—3 means Sign of seriously defective character or personality; 
very bad 

—2 means' Sign of defective character or personality, bad 

—1 means Sign of slightly defective character or personality; 
more undesirable than desirable 
0 means. No clear significance for character or personality; 
non-moral 

+ 1 means Sign of slightly desirable character or personality; 
more good than bad 

-|-2 means: Sign of good character or personality, definitely 
desirable 

+3 means: Sign of excellent character or personality, very mark¬ 
edly superior 

? means Ambiguous, might be good in some cases, bad in 
others 

The same material was then evaluated according to the same 
directions by an especially selected group of twelve experts in the 
fields of education and psychiatry (Gioup B). 

The 221 Items were cut down to 135 by eliminating on four 
bases. First, all items that were questioned by 20 per cent or more 
of the judges in Group A ns being ambiguous weie dropped Then 
all Items whose mean value was between +.6 and —.6 according 
to the evaluations of Group A were thrown out as being of little 
value one way or the other Also, all items for which the mean 
value was less than 4 times the standard deviation of the mean 
were eliminated as indicating too much scatter in the values assigned 
bv the judges m Gioup A Finally, it was decided that the scale 
could be shortened bv removing one of each set of several items 
which were opposites For example, the original list contained the 
following two Items, the second of whicli was dropped: 

This child usually tells the truth 
This child often tells untruths 

The Items were grouped undei eight headings to make the scale 
more useful for diagnostic purposes. The headings were chosen 
from a situational viewpoint, with a view to locating pupil problems 
moic specifically Table 1 gives the 100 items finally selected for 
the school scale, arranged m situational groups, with the means and 
percentages of questions for both groups of judges, and the standard 
deviations for Group A The values used for scoring the scale are 
taken from Group A because these values weie based on a large 
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number of judgments. The data obtained from Group B were 
used only for comparative purposes. 

It may be interesting at this point to study the evaluation of these 
items more closely, in order to understand better the attitudes of 
the two groups of judges toward the various beliavior habits. It 
will be noted from Table 1 that the differences in values assigned 
are m degree, not in kind, m no case do the two groups of judges 
disagree in assigning eithei a negative or a positive value to an item. 

The items for which the values of the two groups of judges are 
identical are: 98, 96. 89, 87. 82, 78, 68, 54, 26, 15, 12, 11. On 
13 the values differ by .6 or more. The two groups differ on items 
5, 8, 23, 24, 25, 47, 65, and 71 by .6, on item 97 by .7, on items 
22 and 74 bv .8, on item 27 by 9, and on item 56 by 1 3 Ot the 
last four items which represent points of greatest difference of opinion, 
three aie habits winch indicate emotional instability or a withdraw¬ 
ing from the solution of the problem and are consideied more 
undesirable by the experts than by the teachers. Agreement in the 
values obtained from the two groups of judges is evidenced by the 
correlation of .95 between the mean values foi Groups A and B 
obtained by the rank-difference method. 

Directions for Rating 

The directions for rating a pupil arc as follows* 

Following IS a list o£ habits which children 10 to 15 years old have been 
found to show. No one child could have all the habits listed, but Is certain 
to have a considerable number of them 
Draw a circle around the T, F, or V before each item to indicate T 
you believe the statement is true of the cliild being r.nted, F yon believe 
the statement is not true of the child being rated, U you are uncertain 
whether the statement is true or not true of the child being rated. Be 
sure to draw a circle about letter and one only for every item in the list. 
Two samples are given below* 

© F U usually accepts responsibility when the occasion 
arises. 

T 0 U often wastes time. 

Scoring 

The scoring was provided foi by arranging a score sheet with 
the mean values of the judgments of Group A as given m Table 1. 
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Decimal points were omitted in order to make the scoring easier. 
A child’s score for the whole scale or for each of the eight situa¬ 
tional groups was found by taking the algebraic sum of the values 
of the items marked true by the rater. 

TABLE 1 


Personautt Rating Scai.e tor the Adolescent in the School 



Item 

Group A 
Mean S D. 

% ? 

Group B 
Mean % ? 

1 

I Relation to others generally 
Often does little things to make 
others happy 

+24 

70 

1 

+ 2.0 

0 

2 

Usually thinks of consequences 
both to self and otheis 

+22 

.80 

4 

+2.3 

0 

3 

Usually accepts responsibility 
when the occasion arises 

+2 2 

65 

0 

+24 

0 

4 

Often shares with others 

+21 

.73 

1 

+ 18 

0 

5 

Usually does his share in any 
group activity 

+2.0 

65 

0 

+2 6 

0 

6 

Often plays “hookey” from 
school 

—1 9 

1 08 

9 

—2.3 

10 

7 

Usually does the work expected 
of him 

+1.7 

69 

7 

+2 0 

0 

8 

Usually defends his friends only 
when they are in the right 

+17 

1.33 

11 

+2 3 

30 

9 

Usually makes friends easily 

+17 

.82 

8 

+21 

10 

10 

Often starts fights 

—1 7 

81 

3 

—18 

0 

11 

Usually quickly forgives wrongs 
done to him 

+16 

94 

4 

+ 1 6 

0 

12 

Often uses vulgar or piofanc 
words 

—14 

103 

1 

—14 

0 

13 

Usually eats lunch with a group 

+13 

76 

7 

+ 16 

0 

14 

Often brings flowers or othei 
decorative objects for the school¬ 
room 

+13 

91 

7 

+ .9 

10 

IS 

Often flghts when attacked by 
others 

+13 

.92 

6 

+ 13 

10 

16 

Is usually on time 

+ 13 

79 

0 

+1.5 

0 

17 

Usually comes in or goes out of 
classroom with group which is 
making unnecessary noise 
Takes part m disturbance 

—1.3 

77 

7 

—15 

0 

18 

Often quairels with others 

—1 3 

105 

5 

—17 

10 

19 

Usually comes in or goes out 
of classroom with group talking 
and laughing and taking part 
In talking and laughing No 
unnecessniy noise 

+12 

.97 

16 

+ 1.3 

10 

20 

Often makes disturbing noises 

—12 

71 

7 

—14 

0 
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Group A Group B 

Item Mean S. D % f Mean % ? 


21 

Usually chooses frtentla because 
of theii vrealth or social 
standing 

—I.l 

94 

19 

—1.6 

10 

22 

Often pretends to know more 
than he really does, or to have 
something that he does not have 

—1.1 

97 

8 

—1,9 

0 

23 

Often offers comments voluntar¬ 
ily when the majority of the 
class are commenting freely 

+ 10 

.87 

4 

+ 1.6 

10 

24 

Often complains about school 
conditions 

— 9 

79 

18 

—1 5 

0 

25 

Usually defends h\s friends, whe¬ 
ther they are right oi wrong 

+ .8 

1.50 

11 

+ 2 

10 

25 

Often chews gum or other 
objects during class 

— 8 

87 

8 

— ,8 

0 

27 

Often allows other people to im¬ 
pose on him without becoming 
angry 

— .7 

1.19 

12 

—1.6 

20 

28 

Often boasts of accomplishments 
chat he really lias 

— 6 

86 

11 

—1 1 

0 

29 

IT Respect for tights of others 
Often steals 

—25 

.94 

0 

—2.3 

0 

30 

Often cheats 

—25 

80 

5 

—24 

0 

31 

Usually pays close attention 
while other pupils recite 

+21 

94 

1 

+ 17 

0 

32 

Usually tells the truth 

+ 18 

73 

1 

+ 1.9 

0 

33 

Usually cleans up and puts away 
school materials voluntarily 

+ 18 

1.05 

0 

+ 2.2 

0 

34 

Usually becomes angry when be 
cannot do what he wishes 

—1.7 

1 00 

8 

—2,1 

0 

35 

Often makes critical remarks 
about other children 

—1 S 

96 

4 

—20 

0 

36 

Often laughs when another pupil 
makes a mistake 

—11 

85 

8 

—1.0 

0 

37 

Ill Relation to teacher 

Is usually courteous to teacher 
and other adults 

+17 

68 

1 

+2.0 

0 

38 

Often starts n whispered con¬ 
versation during class period 
about something other than the 
lesson 

—1.4 

90 

3 

—1 5 

0 

39 

Often eagerly performs small 
tasks at request of teacher 

+13 

.80 

9 

+ 1.0 

0 

40 

Often asks teacher unnecessary 
questions about the assign¬ 
ment 

—1 1 

.64 

7 

—l.S 

0 

41 

Often joins in whispered con¬ 
versation during class period 
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Group A 

Item Mean S D 

% ? 

Group B 
Mean %> ? 


about something other than 
tlie lesson 

—10 

71 

6 

—1 2 

0 

42 

Often shows his work to the 
teacher of own accord 

+ 9 

109 

13 

+ 6 

10 

IV Relation to othei pupils 

43 Is usually couitcous to otliei 
children 

+21 

64 

1 

+2 + 

0 

44 

Often neglects his own work 
to do the woik of others 

—21 

.66 

13 

—20 

11 

45 

Often annoys other children by 
pulling at them, pinchtng and 
so forth 

—16 

94 

1 

—14 

0 

46 

Usually comes in oi goes out 
of classroom alone 

—15 

91 

5 

—1 8 

0 

47 

Often tells on other pupils 

—15 

92 

9 

—21 

0 

48 

Often looks on another pupil’s 
paper while both arc doing a 
class assignment 

—15 

1 08 

11 

—20 

10 

49 

Often smiles when humoious 
passage is read in class 

+ 14 

80 

5 

+ 15 

0 

50 

Often starts a conversation with 
another pupil during free 
period 

+ 12 

1.01 

12 

+ 1.3 

0 

SI 

Often makes "smart" remarks 
to other pupils during class 

—12 

91 

12 

—1.6 

0 

52 

Often smiles at other pupils 
first in scliool 

+11 

1,07 

19 

+ 14 

30 

53 

Often smiles in response to 
smiles of other pupils 

+ 11 

73 

9 

+ 8 

0 

54 

Often talks with another pupi! 
during free period (conversa¬ 
tion started by another pupil) 

+10 

.67 

9 

+ 10 

10 

55 

Often boriows objects from other 
pupils 

— 8 

75 

5 

—1.0 

0 

56 

Usually definitely avoids the 
other sex 

— 7 

107 

19 

—20 

10 

57 

V Initiative 

Often does a piece of original, 
creative work of own accord 

+2 7 

57 

1 

+ 29 

0 

58 

Usually tries to solve own prob¬ 
lems and not escape them 

+2 6 

57 

0 

+ 3 0 

0 

59 

Has organized oi helped to or¬ 
ganize school club during the 
past ycai 

+2 5 

69 

3 

+2 0 

10 

£0 

Often undertakes extra projects 
voluntai ily 

+2 4 

62 

1 

+ 23 

0 

61 

Often starts activities in which 
others join 

+2 2 

76 

4 

+2 5 

0 
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Group A Group B 

Item Mean S D % ? Mean % ? 


62 

Often asks questions showing 
interest when mnjority of the 
class are not asking questions 

+21 

87 

9 

+ 1 9 

10 

63 

Often holds olRce in school clubs 

+21 

62 

4 

+ 1 8 

10 

64 

Leads in sports (heads team or 
holds office in athletic organi¬ 
zation) 

+2 0 

86 

12 

+ 1 S 

20 

6S 

Often offers comments voluntar¬ 
ily when the majority of the 
class are not commenting 

+1.7 

1.13 

12 

+ 23 

40 

66 

Usually goes ahead after the 
first suggestion 

+1.7 

1 03 

S 

+ 21 

0 

67 

Often initiates pleasant surptiBes 
for the teacher 

+17 

106 

9 

+ 1 2 

10 

68 

Usually finds own materials in¬ 
stead of asking teacher 

+17 

80 

4 

+ 17 

0 

69 

Often leads the conversation 
in a free group 

+1.5 

85 

16 

+ 17 

10 

70 

Often asks questions showing 
interest when the majority of 
the class are also asking ques¬ 
tions 

+14 

.70 

8 

+ 1.S 

0 

71 

Often holds up hand in response 
to a question of the teacher 
when he does not know the 
answer 

—1.2 

,98 

4 

—1 8 

0 

72 

VI Health habits 

Is usually happy 

+19 

91 

1 

+2 4 

0 

73 

Usually diesses neatly and keeps 
himself clean 

+U 

.80 

0 

+ 14 

0 

74 

Often becomes easily upset 

—15 

1 14 

6 

—23 

0 

75 

Often bites fingers or fiinger- 
nails, rubs eyes, picks at finger¬ 
nails, taps pencil on desk, drama 
on desk, or taps feet rhythmic¬ 
ally on floor 

—13 

88 

9 

—1 5 

0 

76 

Often puts feet on seat during 
class 

—10 

.92 

7 

— .7 

10 

77 

Often changes from feeling 
happy to feeline unhanov 

— .7 

95 

16 

—1 1 

0 

78 

Often yawns during recitation 

— 7 

.69 

13 

— 7 

10 

79 

Often sits in a slouched posi¬ 
tion during class 

— 7 

74 

6 

— 6 

0 

80 

VII General interests 

Often reads good books in free 
time in school 

+21 

76 

3 

+2 3 

0 

81 

Usually takes an active part in 
club activities in school 

+2 1 

69 

4 

+ 1,7 

0 
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Item 


Group A Group B 

Mean S. D % ? Mean °/o ? 


82 Often does a piece of creative 

-work guided by another person 

83 Often talks about what he 

wishes to do when he grows up 
(vocational interest) 

84 Takes an active part in spoita 

85 Often walks aimlessly around 

the classroom 

86 Often writes aimlessly on the 

boaid or diaws befote class 

87 Often looks around the class¬ 

room in an appaiently aimless 
manner 

88 Often shows liia work to a vlsitoi 

of his owrv accord 


+17 

,66 

3 

+17 

0 

+14 

.93 

9 

+ 13 

0 

+ 14 

85 

1 

+ 12 

0 

—1.1 

.78 

16 

—15 

0 

— 9 

73 

16 

—12 

0 

— 9 

57 

19 

— 9 

0 

+ 6 

135 

13 

+ .8 

10 


VIII Scholarship and study habits 
39 Usually woiks well without 
seeking praise 

90 Usually pays close attention to 

instructions and explanations of 
teacher 

91 Usually pays no attention to dis¬ 

tractions while working 

92 Usually works eagerly on class 

assignment 

93 Often asks questions for infor¬ 

mation 

94 Usually works veiy haid 

95 Usually caiefully takes down 

assignment 

96 Usually does work neatly and 

caiefully 

97 Usually gives up as soon as a 

difficulty arises 

98 Usually does class assignments 

correctly 

99 Usually works as well after 

twenty minutes of effort as after 
two minutes of effort 
lOO Usually answers questions cor¬ 
rectly 


+2 2 

.79 

0 

+2 2 

0 

+22 

62 

0 

+2 0 

0 

+20 

.92 

3 

+24 

0 

+ 1.9 

.59 

4 

+ 18 

0 

+19 

94 

8 

+2 0 

0 

+ 19 

66 

4 

+2 0 

10 

+18 

69 

4 

+ 16 

0 

+17 

.66 

5 

+ 1,7 

10 

—16 

91 

8 

—23 

10 

+14 

93 

2 

+14 

0 

+ 14 

104 

11 

+13 

0 

+ 14 

98 

4 

+1 8 

0 


Validity 

As to whether or not the scale really measures peisonality, the 
original evaluation of items is itself a standard for judging. No 
real criteiion is available, but it would seem that when the judg- 
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ments of a laige number of experts have been pooled we have as 
valid a scale as is possible at piesciit It is significant that of the 
100 Items of the scale, only 13 diffcicnces of .6 or more were found 
between the opinions of Giotips A and B. 

Foi the ptirpose of thiowmg light upon the validity of the scale, 
fouiteen teachers in the Mdnc Junior High School m Albany, New 
Yoik, were each asked to late the following foui students in her 
class, the most desirable personality, the second most desirable per¬ 
sonality, the next to the most undesirable personality, the most un¬ 
desirable peisonality The results of these ratings were as follows 


Group 

Median 

Range 

Meat desUnblc persoeahuea 

+605 

+ 925 to 

+255 

Second moat desirable personalities 

+605 

+ 885 to 

+ 175 

Next to mast undesirable personalities + 9 

+ 535 to 

-3-15 

Most undesirable personalities 

— 85 

+265 to 

—W5 

In the Milne Junioi High School, seven supervisois, who are also 

home-room tcacheis, wcie asked to select the most dcsiiable pcison- 

ality among their students and 

the most undcsuablc, and to 

1 rate 

them. The following results were obtained: 




Most 

Most 


Supervisor 

desiiable 

imdcsii able 


1 

+970 

+209 


2 

+88+ 

+ 75 


3 

+883 

+ 21 


+ 

+705 

— 35 


5 

+60+ 

— 97 


6 

+470 

—215 


? 

+262 

—323 


Median 

+705 

— 35 



These data indicate that the scale definitely diffeientlates desirable 
and undesirable personalities 

Reliability 

There are several factors which contiibutc to the icliability of 
this scale. The 100 items give a good sampling of bcliavioi Tlie 
tatei IS required to indicate the presence or absence of small units 
of behavior rather than to evaluate behavioi. The wording of items 
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and directions wns carefully tested by preliminary trials An objec¬ 
tive method of scoring is provided TJie leliability coefficient of tlie 
scale, obtained by coi relating the sums of the scores of the odd- 
numbered Items with the sums of the scoies of the even-numbered 
Items for 100 papers taken at random, was .88 ± .015 This be¬ 
came 94 when the Spearman-Brown propliecy foimula was applied 

The agreement between two diffeicnt raters of the same subject 
was tested by conelating the scoies of any two latings on each of 
100 childien for which two or more ratings weie available The 
process was repeated for anothei sampling of 100 childien. Tlie 
conelations obtained were +.36 and +.33, respectively. The rat¬ 
ings weie done by student teacheis who had taught the children in 
one class for approximately eight weeks. It is probable that a 
higher rcliabilitj' can be obtained when the raters nrc more experi¬ 
enced teachers and better acquainted with their pupils In tins 
connection, it sliould be pointed out that, since personality is a 
matter of the individual’s interaction witli the environment, the 
most significant part of which is the personalities of other individuals, 
very close agreement between raters is not to be expected. 

Norms 

Noims weie obtained by securmg 801 pupil ratings by teachers 
in New York, Connecticut, Ohio, North Carolina, South Caiolina, 
Virginia, Tennessee, Floiida, Kentucky, and Texas. Types of 
schools represented are city, village, and rural, from those with one 
teacher only to those with very large staffs. Table 2 gives the 
medians and Q’s by age and sex groups foi the total scores. Table 
3 gives the peiccntile noims for the total scoies of the gioup of 
801 pupils, since the differences between ages and sexes do not seem 
large enough to wan ant the use of separate noims for each gioup 
Similar tables liave been prepared for each of the eight situational 
groups By use of these tables, peisonality piofiles may be drawn 
as shown in Figure 1 

An examination of the medians shows some inteiesting age and 
sex differences Giils’ scoies aie consistently higher than boys’ 
scores Also, the scoies deciease as the age level uses. Within the 
sex gioups thcie aie two exceptions to this gcncial trend The 
13-veai-olcl bovs’ scores aie highei than the 12-yeai-old boys’ scores, 
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and the 14-year-old girls’ scores are higher than the 13-year-old 
girls’ scores. 
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Peroeatlle Soores 



0 10 EO SO 40 60 60 70 80 90 100 

FIGURE 1 
Personalitt PnoriLKa 

furnish the home-ioom teachei with valuable information concern¬ 
ing the habits of her individual pupils Clues are often discovered 
m this way as to problems of teacher-pupil relationships which will 
be helpful in the handling of child problems. Since diffeient people 
vary in rating the same individual, it is dcsiiable to secuie sev¬ 
eral ratings for the same child and to use a composite score in 
order to obtain a more reliable total pictuie of the child’s behavioi. 
There is value in studying all ratings as indicating variations of 
behavior of the same individual in diffeient situations. Variations 
of behavior in different classes may throw light on causes of success 
and failure Childien may be rated at the end of each semester 
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and a record kept from year to year of their composite ratings in 
order that variations in progiess may be noted. Profiles similar 
to those given in Figure 1 may be kept foi each tliild. 

Personality problem cases may be “spotted” by noting pupils whose 
total scores are below the norm. Fuithei comparison of their 
scores in the different situational groups will help to locate their 
strong and weak points more specifically. The undesirable habits 
of any child mav be located by noting the items with negative 
scores and the seriousness of each habit will be indicated by its value 
on the scoring sheet 

Some research studies in which use is made of the scale are now 
in progress. One of these has as its puiposc a study of behavior 
patterns characteristic of adolescent delinquents in older to obtain 
dues for the purpose of locating these cases m their early stages 
Anotliei study is concerned with the changes m behavior patterns 
of childien whose parents legulaily attend paicnt-study gioups as 
compared with those whose parents do not attend such groups Othei 
studies m progress are foi the purpose of compaimg ratings made 
by parents with self-iatings made by the childien of these parents, 
and of compaiing teachei and pupil self-ratings on the same chil¬ 
dren. Another study is concerned with differences in reactions of 
childien to the home and school situations. 

Summary 

Rating scales have been constiucted for estimating and interpret¬ 
ing the personalitv development of adolescents in the home situation 
and in the school situation. These scales aie an attempt to help 
meet the need for new educational techniques that has arisen with 
the new emphasis in education upon the development of character 
or personality Emphasis has been placed upon the use of the scales 
for di.ignostlc purposes. 

The Personality Rating Scale for the Adolescent in the School 
consists of 100 Items These items wcie obtained by observing the 
behavior of adolescents and retaining those liabits for the scale 
about which experts could agiee fairlv closely, and winch weie con¬ 
sidered bv them to have some significance foi peisonality develop¬ 
ment The Items on the scales are in teims of specific behavior 
rather than geneial habits The leUability of the scale is .94, 



SCALE FOR EVALUATING ADOLESCENT PERSONALITY 221 


obtained by coiielating the odd and even scores of 100 papers, 
Theie is evidence of the validity of the scale as shown by the fact 
that It definitely discriminates between desirable and undesirable 
personalities in adolescent children 
There is a great need for more expeiimentation in this field 
Development of chaiactcr and peisonality is recognized as a funda¬ 
mental aim in education, but theoiy cannot progress fai without 
techniques which are objective and reliable. Much has been accom¬ 
plished in this field, but tliere aie still many difficulties in the way 
These are being gradually oveicome and it is piobable that the 
near future will find theories of peisonality development moie firmly 
suppoited by data gathered by the use of reliable techniques in this 
field 
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UNE fiCIIELLE POUR L'£.VALCATION DE LA PERSONNALITfi 
ADOLESCENT E 
(E^3uin6) 

On a constCHit des ecUetUa d’evttluation pom estimci et Interpreter le 
cliveloppement de In peisonnnliti tica adolescents dans Ic milieu familial et 
dans le milieu stolairt On a constniit ccs 6cl\cllc3 dans Ic but d'aider 
A former les noiivelles tediniqiies ndeeasairca A cause dc la nouvelle impor¬ 
tance donne dans I'education an developpement du cnrncteie on person- 
nalite On 3 appuye surtout sui I’emploi dea dchelica poui la diagnose 
“L'Echelle pour I’fivaluation de la Peisonnalite de I’AdoIesccnt a I’Ecole” 
se compose dc 100 parties On a ohtenu ccs parties au moyen d’observer 
le comportement des adolescents et dc rctenir Jes habitudes poui I’^chelle 
n r^gatd deaquelles Its e^pcits ont pu n’accordcr et leaquelleh, scion ce«x-ci, 
ont quelque signifianct dans le developpement dc la personnalite Les 
parties dca ^chelles sont en tcimes du compoitenient specifiqne, plutot qii’en 
teimes des habitudes gdneralcs La Constance de I'drhcllc est de 0,9+, 
obtenue par la correlation des idsultata pairs et impairs de 100 papiers La 
validW lie I’cchelle sc montec dans le fait qu’elle fait uiie dibcnmination 
d^hnie entre Ics pcisonnalites desirables et non dcsiinblcs chc7 les enfanta 
adolescents 

Hayes 


EIN MASS FOR DIE SCIIATZUNG DER JUGENDLICHEN PERSON- 

LICHKEIT 

(Rcferat) 

Man stelltc Schatzungsformularc (scales) auf ziir Wertung und 
Dentung dei: Fersonlichlicitsent'nicklung bei Jngcmlhcben iin Heim und 
Schulmilieu Dlese Masse (scales) stellen cinen Veisiich dar, den Bedurf- 
nissen der neuen erzieheiischen Technik cotgcgen/iikomnicn, die mit dcr 
neuen Betonung in dcr Erziehung dei Charaklcrbildung odcr Pcrsonlicli- 
kett aiifkam. Es iviirde der Gebiaiich von Mnssen (scales) fur diagnoa- 
tischc Zweeke betont 

Die “Personality Rating Scale for the Adolescent in the School'’ (Schat* 
xungaformulare fur die FersonlichkeU der Jugendlichen in der Schule) 
beateht alls 100 einzelnen Angaben Diese Angaben wuiden dnduich 
erhaUen, dass man das Verlialtcn Jugcndlicher beobaclitcte und jene Ge- 
wohnheiten fur diese Formuiare zuruckbchieUi uber die sich die Sachver- 
standigen ziemlich gut rer^tandigen konnten, und die von ihnen als be- 
deutungsvoll m der Peisonlichkeitsbildung betraiditet wurdeti Die Angaben 
der Formuiare haben cher die Form spezischer Veilialten als allgemcincr 
Gewohnheiten Die Zuyciiassigkcit (reliability) des Masses ist 0,94, ein 
Wert, der durch die Korrelation dei geraden und ungeiaden Piinktzahlen 
von 100 Exemplaren geftinden wurde Die Gultigkeii des Foimulais ist 
dadurch erwlesscn, dnss cs bestimmt zwischen Tvimscliemvertcn und un- 
erwunschten Personllchkeitcn unter jugcndlichcn Kindein unteiscbeidet. 
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SHORT ARTICLES AND NOTES 


THE INTELLIGENCE AND EDUCATION OF CHILDREN HANDI¬ 
CAPPED BY CEREBRAL PALSY 
Elizabeth Lord 

For some years interest la educating the crippled child has been increas¬ 
ing, but only recently has the interest eiclended to children with cerebral 
patsy Now physicians, psychologists, and teachers are beginning to concern 
themselves with the educational problem that these children present The 
diagnosis of cerebral palsy implies a dilEculty, of varying degreea of seventy, 
in motor control This disability may be a negligible handicap or it may so 
involve the legs, arms, and even the speech mechanism that the child has 
practically no means of expression Everyone appreciates the difficulty of 
estimating mental capacity when a child cannot speck or use effectlyely his 
hands, but in the cases where there is only a mild disability, persons, trained 
and untrained, approach the problem with more confidence nnd often exptess 
an opinion that cariles undue weight In regard to the same child one 
often finds conflicting opinions expressed by persons experienced in the man¬ 
agement of the cerebral palsied; one person believes the child cannot be 
educated in the ordinary academic subjects, while another thinks the child 
has normal intelligence and sets no limits to his educational possibilities. 
Among the cerebral palsied there are a few individuals who, in spite of 
severe physical disability, have successfully completed high school and col¬ 
lege and have even skipped a grade in the process, but there arc many 
children wasting hours In a futile struggle toward unattainable goals As 
long as we have no objective data in the form of reliable test results, we 
are reduced to a trial-and-crror method swayed by the weight of one per¬ 
son’s opinion against another’s Often a doctor after casual conversation 
with the child accepts the paientV point of view that the child la '‘bright’’ 
and the child and the teacher may be placed in an intolerable position If 
through diagnostic tests we can demonstrate the child’s abilities and dis¬ 
abilities we may be able to plan an effective educational program that will 
eliminate a long struggle and inevitable disappointments 
In a recent book, "Mental Deficiency as a Result of Birth Injury,’^ by 
Edgar A Doll (1), the results of mental testing on a group of cerebral 
palsied nre presented Of the tests given, the Statiford-Binet rating was 
considered the most satisfactory, "a fair approximation of the true intelli¬ 
gence level.” Several of the cases reported by Dr Doll have Stanford 
ratings which classify them in the dull normal group, but, as Dr Doll points 

[223] 
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out, "the interpretation of the results must bt rendered in terms of clinical 
analysis rather than in terms of rtumericfll interpretntion/’ and he further 
suggests diagnostic teaching as an illuminating procedure 
With this point of view m mind, it may be helpful to review a few cases 
that were studied and followed through their early years while the problem 
of an education program was acute and tense with emotion 
Case 1 Diagnosis mild cerebial palsy, extra-pyramidal From the his¬ 
tory we learn that the boy talked late and did not walk alone until seventh 
to eighth year At the first psychological examination when the child was 
ten years old, he walked with complete independence, talked with some 
hesitation but intelligibly and could use his hands fairly well, that is, Writing 
was difficult, but many children with much less control manage successfully 
written work The nurse who had taken care of him from infancy con¬ 
sidered him intelligent and the doctoi in charge made no reseivation as to his 
educability. The mental age (Stanford) = 8 2/12 years IQ-81 
An analysis of the psychological examination presented the following assets 
and liabilities on which to plan a constructive program* 

Jsseii 

1 Many favorable personality traits Child was cooperative, obedient, 
equable when certain requests were denied, and listened to the reasons given 
for changes in plans showing adequate social adaptability in these situations 
for hi9 age. 

2 Good vocabulary (X-year Binet) used well in ordinaiy conversa¬ 
tion. 

3 Fair success in the field of audition According to the report, he 
appreciated stories for his age when read to him. His recall of a passage 
read npprotimated expectation for bis age He had greater success on 
tests given orally than m any other type of test situation. 

Linbililies 

1 Extreme distiactability. During the examination the child was 
more restless and distractable than most kindergarten children He did very 
poorly in all tests that require a special degiee of concentration, i c , he re¬ 
peated 6 digits (X-year Binet) but could not reverse 3 digits (VH-year 
Binet) He could count forward but not backward from 20 to 1 (Vlll-year 
Binet). If his attention was constantly recalled (invalidating the test score) 
he would greatly increase scores m several tests 

2 Poor visual memory Child could not go beyond the first line in 
the cube imitation test, touid not reconstruct Healy A after he had seen it 
completed several times, or draw a very simple design from memory In 
spite of individual instruction for about two years, he could not read a simple 
passage from a primer and after he had been told such words as “bird" and 
"house” he did not recognize them a few lines later on. He omitted a letter 
in printing his name but did not deteet the omission, although the next day 
he printed his name correctly 

3 Defect in dealing with abstractions. He could count 13 pennies 
but failed simple problems if the sum of the numbers was above 5 He 
could name the coins but had no ides of then relative values, 6 was mote 
than 9, etc 
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4 Defect in motor control Although he could draw a straiglit line 
he could not reproduce the diamond and had very poor memory of motor 
patterns (lelated to visual memory) The motor handicap involving speech 
placed him at a marked disadvantage in a group of children 

Summary Impression that the child did not have sufficient general in- 
lelHgence and auditory memory to compensate for the poor concentration, 
visual memory defect, and motor handicap Consequently we should expect 
him to have veiy limited progress m academic subjects even under indi¬ 
vidual instruction, The child’s happiness and later adjustment may depend 
in large meaiuie on developing an interest that is largely independent of 
academic training 

Two years later (making four years of special instruction), although the 
child had been taught imdet the direction of a highly expciienced teacher, 
we found the following situation The boy was not timid with a stranger 
but he lacked the spontaneity previously shown He hesitated before open¬ 
ing his book and he looked definitely perturbed when asked to write his 
name He read glibly from his primer but he could not icad an unfamilinr 
passage in a second-grade tender, confusing simple words and substituting 
words without meaning lie read slightly better when a card was held 
below the line (perhaps there is a muscle imbalance that caused dilHculty 
in maintaining steady focus across the page) IIis writing from copy was 
mote legible, but he wrote "se” for sec repeatedly, nnd bectirot confused in 
writing his name. He was working on sums within 20 but hU answers were 
unreliable and he was still making such mistakes as reversing his numbers, 
91 for 19 

Case 2 Boy Diagnosis cerebral palsy Spastic When the child was 
first examined at 2 1/2 years, he was talking m full sentences He could pile 
3-4 one-ineh cubes (right hand preferied) At tlie first examination he 
could creep and pull himself to a sitting position but he has never been able 
to take a step alone In the repeated examinations he has always had a 
good vocabulary for his age and answered comprehension questions appioxi- 
mately at age In the last examinations his Stanford ratings have been 
respectively 83 and 82 at 6 4/12 and 7 3/12 years 

For about two months, on two diffeient occasions, while the child was in 
the hospital for intensive muscle tiaining, diagnostic teaching was attempted 
In all situations, including even the meal hour, lie showed a marked lack 
of concentration To the casual visitor who might hear him use correctly 
such words as “encephalogiam,” “special diet,” "on piecautions,” it would 
hardly seem possible that he could not be taught to count lelinbly above 
five and that he had practically no numbci concept Although he could 
draw a straight line, his sense of diicction was so impaiTcd that he could 
not lepioduce a square, and having traced his thrce-lcltcr name many 
times daily he could not leproduce it below the model, It was our im. 
prcssion that, in spite of the facility in language and the relatively high 
Stanford rating, the child was not educable in the ordinary school subjects 
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During the summer when he was seven an uncle tried unsuccessfully to 
teach him In the following spring the superintendent of school wrote that 
lie had been interviewed by the parents, As the first-grade teacher was re¬ 
lated to the family and knew the case thoroughly he would take the boy foi 
a tiial period m the school He was in school about two months, before 
summer vacation. His teacher reporttd that he gave no trouble in the class¬ 
room but that he made very little advance m school work. "Tlua might 
he due in part to the fact that he entered during the later pait of the year 
and existing classes were much in advance of him. He has cnteied school 
again this fall and Is attempting to nttend during both sessions He has a 
different teacher than he had last year She seems to think that he is ca¬ 
pable of making some progress” 

Another child who has even greater fluency in language gained at 7 10/12 
years a mental age on the Stanford-Binet of 6 10/12, with an IQ of 87. 
His disabilities arc essentially the same as reported for Case 2 The child 
was placed for a few weeks in a hospital school for special study which did 
not include a psychological examination. At the end of the pciiod the parents 
were told without reservation that the child’s mentality was in no way im¬ 
paired. After a year of special Individual teaching he was again re-ex- 
aminedi He could write hts name but, when asked to write other words, 
bis eyes filled with tears as he explained, “You see It’s this way, they have 
to write it first and then I copy it and copy it and copy it." 

As the cases of this type multiply and the results of the diagnostic teaching 
are cotificmcd by latei studies, objective data can be accumulated, this will 
give a basis for prediction which wc do not have ot the present time Per¬ 
sons who are planning the educational program of these children should 
spend some time m teaching or should follow closely the wotlt of an ex¬ 
perienced teacher working under favorable conditions. In the type of case 
described it is apparently the child's power of verbalization which is largely 
responsible for the relatively high rating on the Stanford and the false im¬ 
pression of mental capacity given to parents, fi lends of the family, doctors, 
and even at times to the teacher As long as everyone insists that the 
child’s mentality is not impaired an effort will be made to force the child 
in school work, The teacher will patiently spend an undue proportion of 
time on a child who is not educable along the lines laid down for the class 
and the child copies and copies and copies with a growing sense of inferior¬ 
ity. 
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the finger maze as a supplementary test of intelli¬ 
gence FOR BLIND CHILDREN^ 

Ralph V Merry and Frieda Kieper Merry 

During the past twenty years considerable nttention has been given to 
the development of intelligence teats for blind children With the exception 
of a few testa of school acliievement, howeycr, practically nil effort has been 
centeied upon the adaptation of the Binet-Simon Scale and its revisions 
Sporadic attempts have been made to adapt some of the well-known per¬ 
formance testa, but the results have not been very aatisfactory. In changing 
Visual tests to tactual tests the experimenter frequently assumes that the 
same abilities are being measured, whereas this may not be the case. The 
finger maze, however, seems particularly well suited to measure the learning 
abilitv of blind individuals, since no special adaptatiori is necessary to com¬ 
pensate for lack of sight This has been domonstinted in the experiments 
made by Koch and Ufkess (4), Knotts and Miles (3), and by Duncan (1) 
The principal aim of these investigations was to compare the learning abil¬ 
ity of blind with seeing groups, but it was shown, also, that mental age 
correlated significantly with success in maze learning It seemed to the 
writers, therefore, that tests of a maze-learning type should prove to be a 
valuable supplement to existing measures of intelligence for the blind, and 
in order to test this assumption they carried out the preliminary experi¬ 
ment described in this paper, 

The Experiment 

Subjects The experiment was undertaken during the winter and spring 
of 1932 upon 30 children, i to 16 years of age, enrolled in one of the large 
eastern schools for the blind Both sexes were represented, but there were 
19 boys and only 11 girls. Their mental ages ranged from 7 years 4 months 
to 18 yeais, with a median of 13 years, 5 months, their IQ’s, from 81 to 
146, with a median of 111 Of these 30 cliildien 83 pei cent lost their sight 
before the age of five, 33 per cent being blind fiom biiCli, and an additional 
23 per cent being blinded within the first year of life 

Apparatus The high-rehef maze used was the same as that employed 
by Knotts and Miles It is a multiple-T pattern wherein each tiuc path 
IS balanced by a coiiesponding cul-de-sac and is constructed of wire staples 
driven into a board about 18 inches square The paths are numbered to 
facilitate the recording of errors, theie being 10 culs-de-sac and 10 tiue 
paths The high-relief maze was chosen for the present experiment rather 
than the stylus maze, ns the former permita direct finger contact, and has 
been shown to be equally difficuit for both blind and seeing subjects 


^he wiiters wish to cxpiess their sincere thanks to Dr Walter R Miles 
for loaning the apparatus used m this study, and also for his cooperation and 
interest. 
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Procedure The child wns seated comfortably at a tabic of converient 
height -vTith the maze diiectly in front of him Blindfolding was not con¬ 
sidered necessary, as no subject had suIRcicnt vision to aid him in learning 
the pattern The child was then instructed as follows- 

“I want to see how well you can solve this puzzle (directing the child's 
attention to the sample pattern on the board) Here is a path which looks 
something like our undeiground tunnel,® and yon are to find your way out 
without getting lost, Let’s try it You start licre wlieie there is one tack 
(E places cKdd’s finger on correct spot). Follow the path until you come 
to two tacks (E shows child) and then you know you are out” If the 
child went down the wrong path the examiner exclaimed, “You’re lostl 
Now, which way should you go?” Aftci the child had grasped the idea, 
the examiner said, "Over here is a puzzle just like the one you’ve been 
doing, but it IS much longer and harder ” Examiner then puts child's finger 
on the starting-place and says. "Let’s sec how quickly you can find your way 
through this tunnel without getting lost If you go down the wrong path, 
bring your finger back on the same path and go In the other direction You 
may get lost a good many times at first, but you'll soon learn your way, 
Go ahead” 

Many of the children had a tendency to travel backwards after going 
into a cul-de-snc, and the examiner had to tell them to go forwards With 
few exceptions the children finished in one oi two sittings One child, how¬ 
ever, required a sitting every day over n period of a week before she 
achieved the crltccion of learning, which was three successive correct trne- 
ingg of the maze. 

Individual records were made of the total number of trials, total number 
of errors, total time, average time per trial, and method used in learning 
the maze. The frequency of the errois made m each cul-de-sac also was 
noted In order to determine its relative difficulty 

Results 

The results given in Table 1 were obtained from the 30 children tested, 


TABLE 1 



CA MA 

(months) 

IQ 

Trials 

Errors 

Time 
(sec ) 

Av time 
each trial 
(sec ) 

Mdn, 

Q dev. 

141 161 

ISS 26 

111 

14 5 

37 

20 S 

86 5 
1175 

1186 

598 

30 

5 75 


Our results compare favorably with those of Knotts and Miles (3, p, 31), 
considering the fact that the children In this Investigation weie younger 
and less homogeneous in both chronological and mental age. 


®At the school where this experiment was conducted all buildings are con¬ 
nected by underground passages which the children use in inclement weather, 
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Correlations (using the Spearman rank-difference method) between chron¬ 
ological age, mental age, and the various maze-learning scores were com¬ 
puted, and are given in Table 2 


TABLE 2 



MA 

Ti lals 

. El rors 

Time 

Av time 

CA 

58±07 

46± 09 

44±.10 

S7± 07 

20 't-,ii 

MA 


S4± 09 

54± 09 

61± 07 

21 ±.U 

Trials 



93± 02 

88 d:,02 

—18± 11 

Errors 




89±,02 

—09rb 12 

Time 





22 ±.ll 


The correlations between errors and trials, errors and time, and between 
trials and time all ore high and show small probable errors These three 
measures of maze-learning ability are more leliahle than the average time 
per trial, which shows both low negative and positive values with laige 
probable errors Mental age correlates more closely with maze-learning 
ability than does chronologicai age Total time appears to be more closely 
related to mental and chronological age than arc trials or eriora Oui find¬ 
ings in general are in substantial agreement with those of Knotts and Miles 
(3) when allowance is made for the greater variability of the children in 
the present study 

An analysis of the errors made by these 30 blind children in learning 
the liigb-relief maze (computed according to the frequency of error in each 
cul-de-snc) shows that the culs-de-sac 17, 7, and U are particularly diffi¬ 
cult, while 3, 1, and 19 are relatively easy These findings agree with the 
results of Knotts and Miles (3, p 39) with one exception They found 
cul-de-sac 9 among the less difficult, whereas number 1 was easier than 
number 9 for our blind children. 

It was sometimes difficult to ascertain the method employed by each child 
in learning the high-relief maze Tlieir answers, however, are tabulated 
thus 



Verbal method 

Motor 

Veibal-motor 

Peicentage of children 

26 66 

66 66 

6 66 


It will be seen, therefore, that the majority of our children incline to the 
motor method of learning, although Knotts and Miles (3, p 43) m their 
study of older blind children found the verbal method to be superior 
Our results do not peimit comparison with previous studies in regard to 
the influence which extent and duration of blindness have upon maze learn- 
ing, since 83 per cent of the children in our study lost their sight before 
the age of five years® The relation between the total number of trials 

“In classifying our subjects according to age of blinding we used the method 
employed by Hayes (2) 
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required to leain the high-relicf maze and age of blinding was 06+12; 
between total number of errors and age of Winding, 09±,12, and ,01± 13 
between total tune and age of blinding Since these correlations are very 
low and their probable errors ate high, it appears that age of blinding \a 
not of great importance so far os this experiment is concerned. 

Summary amo Cono^usidns 

1. From our results we believe that the finger maze should be a valuable 
supplement to existing intelligence tests for blind children, particularly be¬ 
tween the ages of 10 and 14 

2 The median maze performance of our 30 cases compares favorably 
with that of a group of older blind children tested by Knotts and Miles No 
norms of accomplishment can be computed, however, until a large and rep¬ 
resentative sampling of Wind children at various age levels has been ex¬ 
amined. 

3. The high intcrcorrcUtiotis between trials, errors, and time indicate 
that these should prove to be satisfactory measures of maze-learning ability 

4. Mental age (as computed by existing intelligence scales) correlates 
more closely with maze learning than does chronological age 

5 With one exception, the easiest and most diflicult, alleys in the maze 
were the same for our subjects as for those of Knotts and Miles 

6 The motor method of learning characterized the children in this in¬ 
vestigation, whereas Knotts and Miles, whose subjects were older, iovmd 
the verbal method to be Used more frequently. 

7 For the children m this study the age at which vision is lost seems to 
have no appreciable effect upon maze performance 
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A QUARTER CENTURY OF DELAYED RECALL^ 

L. B Hill 

Twenty-five years ago the writer and A, E Rejall, students in Teachers 
College, Columbia University, learned to typewrite undei experimental 
conditions The expeiiment consisted of learning to use the typewriter by 
copying daily a 100-word paragraph, and by copying, at the same sitting, 
a page of new material containing 300 words The original data were 
analyzed by Dr EL Thorndike and published in the Pedagogical Seintvary 
for December, 1913, undet the title “Practice in the Case of Typewriting" 
( 1 ). 

During the four years following the expeiimeDt, 1908-1912, the writer 
had access to a typewriter m the office of a small high school and occasionally 
wrote a few letters For the next five yeais he did not use the typewriter, 
since he had secretarial help In the summer of 1916 he copied a manu¬ 
script of about seventy-hvc pages Form 1916 to the piescnt tune—that is, 
to the beginning of the recall experiment herein described—he has had no 
occasion to use a typcwritei, since all his wilting hns been done by a stc- 
nographei He has therefore had no practice whatevei during twenty-one 
of the twenty-five .years that have elapsed from the time of the original 
experiment to the beginning of the present one Such practice as he had in 
the other four years tended to reduce speed for the sake of accuracy. It 
may be claimed that the intervening practice promoted accuracy, however, 
there is little oi no evidence in support of this claim in the recall experiment 
In Decembei and January, 1932-1933, the wntei attempted to study the 
conditions of lecall of the skill attained in the oiiginal experiment a quar¬ 
ter of a century ago, Beginning on Derwmber 17, iie copied the same 100- 
word paragraph and a 300-word page of new material each day until 
he had attained a skill in the use of the typewilter equal to and beyond 
that which he had attained at the end of the original experiment The 
data are given in Table 1 parallel with sections of the data of the original 
experiment^ Figures 1 and 2 show the complete data in both expeiiments 
in terms of words written pei minute The factor relating to errors was 
eliminated by penalizing the experimenter two woids for each error 
An analysis of the data shows that at the beginning of the recall experi¬ 
ment on Decembci 17, 1932, die expeiimenter wrote the 100-word para¬ 
graph in 4 minutes and 45 seconds with six eirors, and the netv 300-word 
page in 17 minutes and SO seconds with 41 cnors The average of the first 
four piactices leveals that he was wilting the 100-woid paragraph at the 
rate of 20 4 words per minute (deducting two words for each error) and 


'The writer and experimcntei is ludebtcd to Dr Thorndike, author of 
the article on the original experiment, for some of the methods of treating 
the data of the recall experiment. 

*For complete data ou the original experiment see (1) 
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Excerpts from origloal experiment 
Same 100- JOO-word page 
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Complete recall data after 2S jears 
Same 100- 300-word page 

word paragraph of new material 
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TABLE 2 

Number of Words Written per Minute—Dcductino Two Words for Each 
jjj^ROR—S ame IOO-Worb Paragraph 


Oiigmal experiment Recnll experiment 


1 

74 

33 

17,0 

63 

294 

93. 

30 7 

1 , 

19.8 

2 

76 

34 

20.5 

64. 

28.3 

94 

26 8 

2 . 

214 

3. 

78 

35, 

22 0 

65. 

29 5 

95, 

30 1 

3 

16 3 

4 

107 

36. 

19 6 

66 

24 5 

96 

30 9 

4, 

23 7 

5, 

10 6 

37 

20.9 

67 

284 

97 

313 

S 

19 1 

6, 

9.6 

38 

22 7 

68 

29 1 

98. 

29 8 

6 . 

24.0 

7. 

115 

39. 

201 

69. 

29 0 

99 

29 8 

7 

23 6 

S. 

11.3 

40. 

221 

70. 

28 3 

100 

30 9 

8 

28 3 

9 

148 

41 

23 2 

71. 

28 1 

101 

27 0 

9 

26 2 

10 . 

13 4 

42 

23 0 

72 

29 0 

102 

25 6 

10 

26 7 

11 

14.9 

43 

23.0 

73 

28 5 

103 

33 7 

11 

31 6 

12 

13 7 

44 

23 0 

74 

29 3 

104 

27 9 

12 

27 S 

13 

15 3 

45. 

224 

75 

28.2 

105 

28 2 

13. 

22 4 

14. 

16 S 

46. 

22 5 

76 

33 3 

106. 

30 1 

14. 

26 7 

IS 

15 3 

47 

22,5 

77 

27 0 

107 

30 5 

15 

32 0 

16. 

15 6 

48 

23 5 

78 

28 4 

108 

36 3 

16 

28.6 

17 

163 

49. 

23.5 

79 

29 0 

109 

36.1 

17. 

25 8 

18 

153 

50 

23.5 

80 

27 7 

llO 

34.7 

18 

28 0 

19. 

15,7 

51 

27 6 

81. 

29 6 

111 . 

35.5 

19 

26.4 

20 . 

17 5 

52, 

25 8 

82 

29 1 

112 . 

30,0 

20 

310 

21 , 

16.8 

53. 

243 

83 

26 0 

113 

29 8 

21 

35 8 

22 . 

18,2 

54 

26 3 

84. 

29.9 

114. 

37 7 

22 . 

30 8 

23 

19 0 

55 

28 0 

85 

28 2 

115 

30 0 

23 

364 

24, 

18.2 

56. 

224 

86 

30.9 

116 

31.0 

24. 

29 3 

25 

16 2 

57 

27 4 

87 

29 0 
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30 0 

25. 

39.1 

26. 

190 

58, 

24,5 

88 

29 1 

118 

35.2 

26. 

32 9 

27. 

163 

59. 

28,2 

89 

287 

119 

30.9 

27, 

38,4 

28 

169 

60 

25 9 

90 

28 3 

120 

360 

28 

33,6 

29. 

18,6 

61. 

24,2 

91 

291 

121 

37 0 

29. 

37,9 

30. 

22,5 

62 

28.6 

92 

28.5 

122 . 

36.8 

30 

40 0 

31. 
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the SOQ'Word page at the rate of 14 4 words per minute Since these aver¬ 
ages may be taken to represent the abiliQr of the experimenter to typewrite 
the respective exercises at the beginning of the recall, it may be seen by 
referring to the data on the original experiment m Table I that they corre¬ 
spond nroat nearly to ability which had been attained 25 days after the be¬ 
ginning of the original expeiimcnt. Therefoie, the experimentci showed 
at the beginning of the recall approximately 20% of the skill he had for¬ 
merly attained at the end of the 126 days* practice in the original experi¬ 
ment. 

Initial performance shows only one phase of recall It was netessary to 
find the amount of practice needed to rc-estobhsh the skill attained at the 




ut''> 0 ^^JU 9 ' 4 O\^.^'>*'a^•>Itttv 0 LnI^'^-^'^u>l.'tU 1 •l^C>o^ral•■>(.au>^w>^-(^ 


M00<<9-«*J00'«J»»O\;«J'«-je\O'O\<.»*00 0sU»©»-'SW»»vl-'\0s>rf\lJ»CvU»4»O»U\ 

■Aeel.n<.nWWt' 4 wM••<« 09 <M■> 4 C>Vl~e'‘*•^^^ 0 ^*^ 0 ^>-‘oe 9 ^ 0 '^tO 


'e>«v0eoaeeoa»oeMMM«»oo'>a'4'>i'4'«a's]»j-.a*4*4eNONONeNO<».e\ u 

N — '«eeo^ocoeM>«e<«' 0 '«)'jei»^o««M'^'Oee' 4 *«>oeeoe<>a 

00 '«l' 0 ^vtoeCo^MWo^aAtOeeeeOb»N)ei^>->^i— 


NCONMMMMM^Mr^MMwkrn'MOOOOeSSSoS'Ave'AvS'O'O'a 

9 N\/i^<jatd>^O' 4 OO^O\</>^'>*t>»’^O'«oe*O 9 \vt*^wi^i~O'> 0 oe^csu\ 4 >i>i 

>-*^in»tO>-i>Ol«)>~tOtv>MtONtOO‘^^>OOIO*~>>-‘\SOso'40oa>->oce'>J'0'£> 


NN’«COknki>sOl^etOsMu>»>M^OoOQOC\OoCn->J4>uni^VO9CO)-jC0Ot>>^ 


•DcDOcnNG Two Words for Each 


z 

c 

s 



« 2^ 1=^ S 3 ^ ^ 

6) •-t> ta OQ t. o o 

“ - 2 » ^ 

» s “ “ E a. la. 

O'* ^ ^ “ 

n ^ “ 


O. 

o 


» n 


% B 


ZI E 

3- Q E 3 - 


4* fP 

2 1 


C. •Hrv 


E 


»3 <* — 

•a W ff? 

g „ :e-o 5 


^ "3 
rt S 


ta 


„ 3 

_ S- « 

S ■ « 3- 

■^1 B 

A 3 e 5 


A 1 n ^ S I" i' 
2 g “ « «■ 2 i 

u j o 5" o ^ 


w* ^ ^ o* ST* 

Ad L ^ y 

X ^ rt o O ? 

3* — •32 

X *3 O ■% 

a a (R ® "2 "2 iS 

I <-55 3 || 

S- ” I 3 S. 

r 


^ i — 

fi> D ^ 

CPQ u 
tu 


» » 

. 3 « 

Z - 3 ^ o 

2 M 2 = 

S o = "^ 

s r ■s 

n < <^ o 

o :r 2 . o 

^ ^ig ” 3 

’ <S *o 3 ^ 

? ? 2 2 •? 3 


s 

o 

R 

I 

ft 

r 

ts 


w 

t-n 



236 


SHORT ARTICLES AND NOTES 



FIGURl^ I 

Curves Suowikg Improvemfmt im Origimm. ahd RuuEAR'bJiNo TS^cpbrimemts in 
Lbarninc to Typewrite (Same Material) 

Curve A showi the improvement’ in typewriting the 100-word paragraph 
in the original experiment 

Curve B shows the recall In lypewrvUng the snmc lOO-Vfoid paragraph 
The base line represents the number o£ days of practice. The vertical 
line represents the number of woids wiilten per minute 

and 5 3 hours on the 300-word page One-fifth to one-sixth of the time was 
necessary to re-estabhsh the former shill 
Again the amount of practice required for recall may be seen if we esti¬ 
mate the number of strokes (or bodily reactions to atimiili) in the two ex¬ 
periments Approximately 511 strokes are necessary in writing the 100-word 
paragraph Since in the original experiment the paragiaph was written 
126 times, on as many days, 5S,254- strokes wcie necessary to attain the final 
•skill To attain the same skill diroiigh recall the paiaginph was written 
26 days during which tunc the experimenter made 10,220 stiokes, On the 
300-wottl page of new material he made 187,872 strokes dining the original 
experiment, In order to secure the same skill through iccfill he made 
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}2,860 strokes, Approximately one-sixth of the number of strokes were re¬ 
quired in relearning each exerciw as in the oiigiaal practice 
After completing the recall experiment the practice was continued for 
seven consecutive days, from January 12 to January 18. Considerable im¬ 
provement may be noted in decreasing time and eliminating errors in the 
lOC-word paragraph, and a slight elimination of errors )n the 30O-word 
new page While the rate of learning is lower because the expeiimcnter 
IS doubtless approaching his physiological limit, he does not feel that he 
has reached his maximum skill in learning to typewrite 

The leaimng ciiivcs for the oiiginal experiment and for recall present 
interesting contiasts The difference in length and the rapid rise of the 
latter in contrast to the former are the most outstanding Fluctuations from 
day to day are found in all learning curves They are riioie pronounced 
in this experiment than in the original expcniuent In fact, the fluctuations 
from day to day in recall of Uie 100-word paragiaph are fioni two to thiee 
times ns great as in the original learning This fact may be due to the 
tendency of all habits (bonds) to function rapidly in recall when properly 
directed and to function more slowly—even to be antagonistic to each other 



Cwivas Showing Improvement in Original and Helearninc Experimenj-s in 
Learning to Typewrite (New Matfrial) 

Curve A shows the improvement m typewriting the JOO-word page in the 
original experiment 

Curve B shows the improvement in typewriting the 300-word page in the 
recall experiment 

The base line represents the number of days of practice The vertical 
line represents the number of words written per minute 
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when misdirected The absence of the plateau is na evident in the recall 
curves, even when carried seven days beyond the practice necessary, as it 
was in the original. 

Other factors revealed by an examination of the introspective notes are 
similar in both learning curves At the beginning of the original experi¬ 
ment thcie was n strong personal interest m learning to typewrite, there 
was the desire to discover certain facts about the way the experimenter 
himself learned, there was the desire to find a satlsfnctory project for 
class woik in educational psychology, and the stimulus to prove himself a 
satisfactory graduate student At the beginning of the recall experiment 
there was a keen desire to discovci facts about his (the experimenter’s) 
ability to relearn, to do something that possibly no one else had done, to 
use the data for publication, to determine how much longer it would take 
him to reUatn after twenty-five years than it took Mr Rejall to relearn 
after four and one-half years 

Elation over relatively good scores, feelings of discouragement at poor 
ones, determination (even to the extent of gritting one’s teeth) to succeed, 
physical condition, ventilntton of the loom, occnsionnl interruptions by some¬ 
one's coming into the room or slamming a door or banging the piano, were 
noted; yet these were doubtless minor factois in determining success m 
comparison with those mentioned in the pieceding paragraph. 

It IS very dilficult to discover the roost potent factors in bringing about 
both speed and accuracy In “stroking" the keys of a typewriter In both the 
original learning and in the recall o favorable attitude on the part of the 
learner, generated by hia belief in the specific value of the thing he was 
doing, Confidence in his ability to do something a little unique, and faithful 
practice directed by his best thinking were necessary. After the above 
conditions have been met, the skill manifested through physical activity seems 
just “to happen." A strong will and determination seem to keep one prac¬ 
ticing, but no amount of sheer willing without practice will secure an auto¬ 
matic reaction to u word when each clement of the word has been reacted 
to separately. 


Reference 

1 Hill, L. B , Rejall, A E, & Thornoikb, E. L Practice in the case of 
typewriting PeH. Sm, 1913, 20, 516-529. 

Wesi Virginia University 
Morggntom, West Virginia 
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SEX OF EXPERIMENTER AND INTELLIGENCE AS FACTORS IN 
MAZE LEARNING A FURTHER COMPARISON OF MAZE 
AND SEX DIFFERENCES 

T C. Scott and E Underwood 

Scott and Nelson (6), in compariDg identical patterns of a liigli-relicf 
finger maze and an improved form of stylus maze, found the differences in 
difficulty of the two mazes to be negligible. There was also a contradiction 
in these differences, since they existed m favor of the high-rehef maze in 
terms of trials and errors and in favor of the stylus maze m terms of time 
They did find, however, a sex difference in favor of the boys in teims of 
all three criteria, which ranged in significance from 98 chances in 100 to 
practical certainty In attempting to account for this superiority of the boys 
in maze-running ability, the sex of the experimenters was mentioned as one 
possible factor It was stated that girls might be less at ease than boys m 
the presence of men 

The main object of the present investigation was to test the effect of the 
sex of the experimenter, a second object was to make a further test foi sex 
and for maze differences; and a third was to determine how important a 
factor intelligence was in such maze and sex compaiisons Underwood and 
three other women students acted as experimenters for these 103 subjects 

Apparatus and Experimentau Procedure 

The two mazes used in the formei experiment (6) were used here The 
blindfold technique was the same and the expeiimcntal procedure, as a 
whole, was about the same, the only difference being that, since there were 
four experimenters, it was thought best to have moie written and fewer 
oral instructions. In spite of this precaution, the authors are quite sure that 
a few of the subjects were flot properly “broken in,” and there is some doubt 
in regard to some others Some of the difficulties on the part of the sub¬ 
jects, however, appear to have been beyond the control of the experimenters, 
such as the intiusion of workmen during one expeiiment, the receiving of 
disturbing news from home by one student, and the lack of a proper under¬ 
standing of the instructions in a few cases It might be pointed out, how¬ 
ever, that most of the victims of these circumstances were boys How many 
other subjects may have been disturbed emotionally just prior to or during 
the experiment, the authors have no way of knowing They do know that 
four boys and only one girl gave reasons oi excuses for their poor maze 
records And the question naturally arises whetlicr these subjects would 
have been equally disturbed and would have offeied these excuses had the 
experimenters been men 

Altogether, the records of ten subjects have been eliminated from part of 
the calculations, tliose of five boys and five girls. The authors feel sure 
that the records of three of tfiese boys should not be included, since there 



240 


SHORT ARTICI-KS ANO NOTES 


wa8 a visible emotional upset, and are reasonably sure that the records of 
the other tvfo should not be included. They are also reasonably sure of 
three of the girls, but are much less sure of the other two These were the 
next two poorest records of girls anti were eliminated mainly to make the 
number equal to the number of boys eliminated Calculations arc given for 
103, for 100, and for 93 subjects. 

Results 

The two mazes are compared in Tables I, 2, and 3. Table 2 is the 
one which should possibly be given moat conaideiation, since there were 
more reasons for eliminating three boys than for eliminating any of the 
other seven subjects A similar comparison is found in Table 2 in the for¬ 
mer experiment If these two tables are compared, it will be noticed that 
the results of the present experiment are unifoimly lower, that is, better, than 
those of the former experiment, this being roost evident m time This is 
possibly due to the fact that the wiitten Instructions were fuller in this 
experiment than in the former. The authors can suggest only two other 
possible reasons for these better scores, and they can be eliminated, First, 
there might be a dllTcrcnce m the level of the intelligence of the two groups 
of students, but that this is not true « shown latct in the ptipot (see TnWe 
10) Secondly, most of these students have come from Scott’s classes and 
It might be thought that a student might not do so well fot on experimenter 
who was also his instructor It haa been found, however, that those sub¬ 
jects who learned mazes for Scott and those who learned mazes for Nelson 
were of shout the same level of intelligence, and have practically the same 
averages on maze scores. 


TABLE 1 

Comparison of Mazes 



Stylus maze 

Finger 

maze 




N= 

=49 

N= 

=54 


Diff 


Mean 

a 

Mean 

CT 

(Tillff 

(Tdiff 

Trials 


■EfW 

ISIS 


Bf ■ 

29 

Errors 



mlm 


Bl 

12 

Time (secs) 



EH 



2 49 

TABLE 2 


N= 

=49 

N= 

=51 


Difl 


Mean 

0 

Mean 

(T 

(Tdiff 


Trials 

17 51 

9 65 

16 33 

1078 

2 04 

58 

Errors 

+0 20 

22 87 

35 24 

21 73 

4.46 

1 11 

Time (secs) 

517,65 

29518 

660 18 

«7 00 

74 32 

192 
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TABLE 3 



Mean 

=46 

a 

N 

Mean 

=47 

ir 


Diff 

Cdiff 

Trials 


6 27 

1417 

7 64 

145 


Errors 

35 59 

13 78 



2 99 

1.69 

Time (secs) 

505 37 

2H 29 

571 21 

312 30 

62 91 



A point to note, however, in the comparnon of these two tables is the fact 
that the trends found m the former experiment are also found here That 
IS, the stylus maze is more difficult in trials and errors and less difficult in 
time The signihcancc-of-diSerence column also substantiates the findings 
in the other experiment, the sigoi/iconce being less for trials than for errors 
or time. This substantiation points toward an actual difference, but it does 
not indicate that a completely reliable statistical difference exists between 
the two mazes 


TABLE 4 

Comparison of Sbxbs 



51 boys 

52 girls 


Diff. 


Mean 

a 

Mean 

a 


Cillff 

Trials 


11 89 

17 63 

n 13 

2 27 

19 

Errors 

HERB 

26 93 

39 67 

24 70 

5 09 

08 

Time (secs) 

616 45 

530 63 

65154 

421 83 

94 57 

37 

TABLE 5 


48 boys 

52 giiis 


Diff 


Mean 

0- 

Mean 

cr 


fTtUff 

Trials 

1613 

916 

17 63 

1113 


.74 

Errois 

35 SO 

19 45 

39 67 


4 43 

94 

Time (secs) 

524.04 

318 13 

651 54 

421 83 

74 37 

1.71 

TABLE 6 


46 boys 

47 girls 


Diff 


Mean 

a 

Mean 

<T 



Trials 

IS 15 

7 75 


6 25 

1 46 

31 

Eirors 

33 11 


32 96 

13 14 



Time (secs) 

512 20 

308 37 

564 55 

299 99 

63 11 

83 


The iwo sexes are compaied m Tables +, 5, and 6 A similar comparison 
IS found in Tables 7, 8, and 9 in the former article If these two sets of 
tables are compared it will be noticed again that the subjects m the piesent 
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experiment have, as a whole, somewhat better records than those of the 
former If, however, the boys of this group are compared with the boys 
of that group, and the girls with the girls, it is evident that the main im¬ 
provement IS on the pnit of the girls In fact, the boys in this group are 
slightly poorer in trials and errors than in the former They are better, 
however, in time The girls, then, it seems have become a great deal better 
and the boya have become slightly worse This means, of course, that the 
sex difference which seemed very nearly reliable m the former study has 
almost disappeared. This is especially tiiic if Tables 4, 5, and 6 are con¬ 
sidered to be equally important Table 5, however, probably should be 
given most oonsidccation for the same reason that Table 2 above was be¬ 
lieved to be most important of the first three. Table 5 shows the greatest 
sex difference of any of the last three tables, but this difference docs not 
approach reliability. It is about as reliable as the difference found to exist 
between the two mazes m Table 2 All three criteria in Table 5, however, 
show a difference in favor of the boya, whereas in Tables 4 and 6 time 
alone shows a difference m favor of the boys. 

In Table 7 are combined Tables 5 from the present study and 9 from the 
former, and m Table 8 are combined Tables 6 from the present study and 
8 from the former Tables 6 in the present study and 8 in the former study 
are the tables from which most subjects have been eliminated The sex 
difference in Table 7 is almost a certainty, while that in Table 5 ranges in 
slgniiicance from about 94 chances in 100 for trials to 99 7 for time. The 
significance for errors is 99 chances in 100. These two tables, then, indi¬ 
cate an actual though not a completely reliable statistical sex difference in 
favor of the boys. 


TABLE 7 


Comparison op Sexes 



95 boys 

103 girls 


Diff 


Mean 

a 

Mean 

O’ 



Trials 

15 54 


1928 

12 19 

1 54 

2 43 

Errors 

34 26 


43 62 

26 59 

3 34 

2.80 

Time 

5+2.92 

336.49 

73423 

444 50 

55.77 

3.41 


TABLE 8 



93 boys 

96 girls 


Diff 


Mean 

cr 

Mean 

O’ 


a,Hff 

Trials 

Errors 

Time 

15 0+ 
33,05 
537+6 

8.8S 

18 62 
332.73 

1710 

38 88 
669 73 

H 

1.31 

2 82 
48 36 

1.58 

2 08 
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iNTBIXIGElfCB 

Intelligence has not proven to be a factor of great importance in ma 2 e 
studies in which college students were used as subjects Hunter (1), War¬ 
den (3), Koch (2), Scott (4), Lumley (3), and others have found this to 
be tine The coirelations between paycliological tests and maze scores arc 
positive, as a rule, but are low, ranging tlirougli the 30’g, 40’8, and occa¬ 
sionally into the 50’s The main reasons for these low correlations possibly 
are, fii^t, that the mazes used are rather crude measuring devices, and, 
secondly, that college students are a highly select group Of course, how¬ 
ever, as Spence and Townsend (7) have found, intelligence becomes a 
more important factor in maze running if the subjects, even in as select 
a group as college students, are chosen from the two extremes of intelli¬ 
gence found there, Some of their coiielations for a small group of subjects 
ran into the 60'8 

Most of the 203 subjects used in these two experiments took some form of 
the Ohio State Psychological Test la the following tables is found a 
comparison of the diiferent maze and sex groups m terms of the average of 
the percentile rankings of the students who took this test, In both experi¬ 
ments the authors did not know what the subjects’ scores were on the psy¬ 
chological test until after they had learned the mazes, so no attempt was 
made to match subjects m any two groups according to ability. 

TABLE 9 

CoMPAKtSQN OF SVOJBCTS WhO LbARNPD PWGCR AND SlTtVS MAZES 

Finger maze—100 S's out of J0+ in both expeiments averaged 52 09 on test 
Stylus maze— 90 S’s out of 99 m both experiments averaged S9 23 on test 


TABLE 10 

Comparison of Sudjectb in Former and Prbsent Experiments 

Former experiment—94 S’s out of 100 overaged 5S 29 on test. 
Present experiment— 96 S’s out of 103 averaged 55 66 on test 


TABLE 11 
Comparison of Sexes 

Men —96 out of 99 avei aged 52 73 on test 

Women —9+ out of 104 averaged 58 28 on test 


TABLE 12 

Comparison of Mpm with Men and Women with Wompn 

Men —lit experiment—45 out of 48 averaged 52 93 on test 
Men —2nd experiment—51 out of 51 averaged 52 55 on test 

Women —1st experiment—49 out of 52 averaged 57 45 on test 
Women —2nd experiment—45 out of 52 averaged 59 18 on test 
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Table 9 indicates that the subjecw learning the stylus maze scored some¬ 
what higher than those vvho learned the finger maze This difference was 
much greater in the former than In the present cxpeiimcnt, yet the com¬ 
parisons of the two mazes weie practically the same in the two experiments. 

Table 10 shows that the level of ability of students used in the two ex¬ 
periments was about the same. In addition, Table 12 shows that both 
men and women in the present experiment were of about the same ability 
as in the former It does show, however, along with Table 11, that the 
women average higher than the men on these psychological tests And 
since the men, as a whole, are bettei maze subjects than the women, intelli¬ 
gence as a factoi of major importance would seem necessarily to be ruled 
out, In fact, intelligence would not seem to have been a factor of any great 
importance in any of the comparisons offered in Tables 9, 10, 11, and 12 

Sex of Expbrimbntck 

Whether the sex of the experimenter is a factor in the mazc-uinning abiU 
ity of students is a qiiestton which cannot be answered positively from the 
evidence at hand Whatever answer is given in this discussion must he 
given in terms of how the sex of the experimenter aifccts the significance 
of the sex difference of the subjects in maze-learning ability If Tnble S 
of the present experiment is compared with Table 9 of the former, we find 
that a woman experimenter reduces the chances of there being a significant 
sex difference tn favor of the boys m terms of trials from 99 S chances in 
100 to 77; in errors, from 999 to 83, and in time, from 100, or certointj', 
to 96 And if Table 6 in the present experiment is compared with Table 8 
in the former, a woman experimenter changes the chances of the boys* 
being superior in terms of trials from 984 foi hoys to 62 in favor of girls; 
in errors, from 99 S for boys to 52 in favor of girls; and in time, from 99 9 
to 80 bath in favor of boys Table 6 in the present and Tabic 8 in the 
former experiment are the tables from which most subjects have been elim¬ 
inated 

Some slight evidence in regard to the effect of the sex of the experimenter 
may be obtained from a consideration of the sex of the subjects in the two 
experiments who seemed most eligible for elimination Of the foiii in the 
former experiment, an experiment in which men were the experimenters, 
three were girls and the one boy who was eliminated was not eliminated 
because of any undue emotionality, but because of sheer stupidity On the 
othei hand, the three subjects who were most eligible for elimination in the 
present experiment, an experiment in which women were the experimenters, 
were boys. And two of the next three or four most eligible ones were boys 
also 

More evidence in regard to the presence of an nctiinl sex difference in 
maze-running ability and m regard to the effect of the sex of the experi¬ 
menter has been obtained by Scott and Henningcr (5) (men) in a com- 
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parable maze aittiation in which 27 male and 23 female college students 
acted as subjects The sex difference found was practically the same as 
that found by Scott and Nelson The boys were superior throughout. The 
significance of difference for trials was 97 chances out of 100, lor errors 
98, and for time 99.6 That this superiority of the boys once more was not 
due to a greater level of ability as measured by psychological testa is in¬ 
dicated by the fact that the average cetitile for the boys was 42 while 
that for the girls was 54 This superiority of the boys has shown up jn 
two groups which substaminte each other and total ISO subjects This leads 
one to believe that there is an actual though not statistically reliable sex 
difference That this supeiiorily of the boys, however, is much less evi¬ 
dent, or, m fact, has just about disappeared in another group of 103 sub¬ 
jects m which the expemnenters weie women, is evidence that the sex 
of the expeiimcnter is a factor in maze-running ability 

Summary 

1. Four women experimenters, using 103 S’s (51 boys and 52 girls), 
found practically the same slight mal-and-crror difference in favor of 
the finger maze and about the same time difference in favor of the stylus 
maze as were found by Scott and Nelson. 

2. Sex differences have almost disappeared except m Table 5, where 
they are not reliable However, when the results of two of the three sex 
tables in the present study ore combined with those of similar tables in the 
former, sex differences in favor of the boys approach practical certainty in 
significance (Tables 7 and 3). The same is true of sex differences in a 
third study cited, in which men were the experimenters 

3 The fact that the girls in the present study were much better and 
the boys were slightly worse that the respective sex groups in the former 
study is offered as evidence that the sex of the experimenter is a factor in 
maze-learning ability Further slight evidence of this may be obtained from 
the fact that three of the four worst subjects in the former expeiimcnt were 
girls and five of the seven or eight worst ones in the present experiment 
were boys 

4 Intelligence as a major factor in maze-learning ability is ruled out 
by the fact that in all three experiments cited, in which 253 subjects were 
used, the girls averaged higher on the psychological test and yet had poorer 
maze records than the boys 
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A CONVENIENT UNIT FOR A VARIABLE ANIMAL MAZE 

L B HobiNOTON AND M O. Wilson 

The need for a variable maze is fiequently felt by anyone doing exten¬ 
sive work with maze piobkms Such a maic is sometimes dcsnable for 
human subjects, but it is especially so for animnls Various mazes of this 
kind have been described and, without attempting to be at nil exhaustive, 
we may divide them into three types (a) mazes which arc built up of 
wall-units, as described by Gengerell! (1) and Valentine (5), (If) mazes 
which are composed of compartment-umts, as illustmtcd by the Columbia 
maze (6), the maze described by Liggett (2), and the Inclmcd-planc maze 
designed by Ruch (4), and (<r) mazes which arc m.Tdc up of elevated units, 
as described by Miles (3). 

The maze herein described is of the wall-unit type It has been used in 
the University of Oklahoma Laboratory for the past two years and has 
proved quite satisfactory ^ 

The ^uall-umt The unit used in constructing the walls may be cut from 
any kind of wood which will not warp Bass-wood is best, but white pine 
18 very satisfactory The dimensions of the unit depend upon the depth 
of the maze and the length of segments in runways and culs-de-sac desired 
The Oklahoma maze is 6" deep with runways 4" wide and of various lengths 
The unit is A piece of white pine, Yz' x 6“ x 2", several examples of which 
are shown in the assembly of Figure L (If a laigci unit is desired it must 
be Yi" thick but may be as wide and as long as dcsued, the length, hovvever, 
should he a multiple of ihe width of the runway adopted ) A few mis¬ 
cellaneous pieces of 3”, 4”, and 12" lengths may prove necessary for con¬ 
structing entrance compartments, food compartments, doors, and the like 
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FIGURE 1 

Rll'JlODUCJION or AN AsSLWDLI or PARfS IlXUSTRAUND THE Usr 01 \ PROPOSED 
W^tr-UNii IN Tiir CovsiRuc-noN or a Variable Ma7l 
(See te\t) 

A 5/32’' bole IS boicd it tlie centei of each piece }^" fioin each ein) foi 
holding the mctai stiips which join •tucccssive units If units wiclet than 6 " 
are needed, it may piove advisable to have two holes at each end to jiie- 
vtjit iiicjrulaiines in ohgument flowevei, if moje tlinn one )io)e is used, 
the holes should be equally spaced fiom the sides so that the unit svill he 
reversible, tiul foi end and top foi bottom In piepanng the units much 
care must be fTkcij to get them all exactly the same nulth and length and 
perfectly squnied at the ends, and to get the holes cciUeied at exaclis 't" 
fiom each end, at equal distances fiom the sides and al light angles to the 
surface. 

Pi’i foi (lied s/iips The AvnII'iinits aic joined h> pcifoiatcd metal sfiips 
bolted on the ontei side The stiips aie Yz" wide, slightly less than l/32" 
ill thickness and have 5''32" peiforauons at Y/' Inlcivuls Almost aii)' length 
from 1" to scveial inches mas be seemed hut foi most ma.'cs (he following 
lengths mil be needed l" fi-holc) ships for joining two units on a straight¬ 
away, hinging floDis, making stops foi doois, aiichoiing the walls to tlie 
flaoi, etc ; sttijis lY” long (4-hole) for joining units at coiners, 7" (li- 
liole) stiqw foi t\ing two opposite wills (ogethci wheie theic i-. coiisidei able 
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strain 01 inessurc nhuh cause the walls to spieaj These stiips may 

be secured fiom the Meccano Company of Aniciica, Inc, New Haven, 
Connecticut, or their distvibwitn'i 

Sillies A siip|)l> of machine scitfus, 'a” < J|", with mils to ht them, js 
needed in bolting the stiips to the wall-units llie heads ot these screws 
should be on the inner side of the unit with the nuts against the peifoiated 

strips on the outei side. Bv applying a little foice with n Hat wiench, 

the bolts can be dinwii up Hush with the innei siiifacc of the wall so as to 
obviate any obstiiictioii within the lunwai A few Hal head Vi' wood 
screws ate also needed to secuic the pcifoiatetl snips when used ns braces, 
stops, hinges, anchois, and ceitnin tvpcs of coiuci biace Assoitcd lengths 
of wood screws maj' also be needed foi other pmposcs, depending upon the 
accessary parta needed 

.IssembJiiiti Most of the details invohed in assembling the mnze-parts 
are slioivn in the nccompanying hgiiic The wall-iimt is illustiatcd paiticu- 
larly at f, V is aa entmnee dooi hinged at the top at B by means of wood 
screws passing tlirough tht walls at ilic side and small metal waslicis which 
serve as bushings U also shows the use of a pcrtoiated metal stiip for 

tying two opposite walls togcthei, C is a 3-liolc metal stnp hent at a right 

angle and scciiicd with a machine screw which scives as a dooi stop; D is 
a 3-hole sCiip hent at a iicht angle and scciiicd with a machine scicw and 
yi' wood screw which joins two units at an inside comet, is a 3-hole 
stiip held by two machine soicw's and joins (w’o units on a stiaightaway, 
G is a 3-holc snip bent at a light angle aiul liclil lu place by two wood 
screws whicli anchois the wall to the foundation oi Hooi on which the maze 
1C9CS, and // is a S-holc stnp (though a 4-holc strip will siifBcc) seemed by 
two machine screws which joins two units at an outside comer 

The floor ot the mn/e is the top ot the table oi plnlfoim on which it 
rests It is iisunlly advisable to ht die lunways with stiips of linoleum, 
which facilitate cleaning and give a moic unitoim lunning-siufacc The 
walls should bt •indioiLd to die platfoim at intcivals as A\ns described 
above 

Doors may be of Uro types, hinged oi sliding Foi a hinged dooi, a piece 
of the yi' pine cut to the propci dimensions is satisfactoiy It may be hinged 
at the top, bottom, or side by means of metal stiips of the piopei length 
and bent at the piopei angle, depending upon the lelation of the dooi to the 
wall which is to support it Foi sliding doois one may use eitliei a section 
of the white pine i tinning in grooves shaped fiom sheet metal oi .i section 
of sheet metal lunniiig in giooies cut in opposite walls of the maze In 
either case, it is geneially advisable to picvcut the sliding dooi fiom coming 
closer than V{' to the flooi so as to picvent pindniiR tlie tail of the animal 
when the dooi is dosed Siippoits may be elected at the sides of the maze 
to which pulleys can be attached foi opciating the sliding doois 
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The cover of the raa^e may be either v?ite netting or glass, with openings 
for the sliding doors If one so desires, the maze may be or more in 
depth, in which case no cover is ordinarily necessary for white rats 
The advantages of a maze made up of these units arc numerous* 
a It can be adapted for use as a labyrinth maze with runways and 
ciils-de-sac as wide, as long, as deep, as devious, and as numerous as de¬ 
sired Almost any two-dimensional pattern can be duplicated It is especi¬ 
ally adapted to lateral ot longitudinal reversibility, as it can be turned bot¬ 
tom upward (since it has no floor), tuined end for end, or knocked down and 
rebuilt, 

b It can be used in the form of a discnmination box and the inter¬ 
changeability of Its paits facilitates the study of various sensory controls 

c It is easily cleaned, since the anchors cap be released <ind the whole 
maze lifted about 

d It 18 very economical, since its initial cost is very low, since it can be 
assembled by anyone with minimum mccbaiucal experience, and since the 
units can be used repeatedly m various maze patterns 

e. It can be knocked down and (he units stacked flat in bundles for 

storing (As a precaution to prevent warping of the units the bundles 
should be weighted ) 

It has at least two disadvantages when compared with some other types 
of unit maze. 

a It IS not as strong and rigid as a maze which has its own floor How¬ 
ever, after a maze is once set up m place there is usually little need for 
rough usage and abase 

b More time is needed for assembling than for a maze made of com¬ 
partment units However, its flexibility greatly outweighs this disadvan¬ 
tage 
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THE SPEED OF PUPILLARY CONTRACTION IN RESPONSE TO 
LIGHT IN PIGEONS, CATS, AND HUMANS 

RAt-PH H Gundlach 

A senes of experiments on the problem of homing jn pigeons has led to 
a consideration of some of the characteristics of vision in that bird The 
sense of sight is indicated, largely by negative evidence, as the chief guide 
to the homer (Warner, 6, Strong, 5, and Gundlach, 2, 3), If vision is 
of such importance, its mechanisms we should suspect must be of very 
high class This proves to be the Case with the speed of the pupillary 
reflexes of the pigeon 



FIGURE 1 


The eyes of the various subjects employed were photographed on l6-mm 
motion-picture film* The general pioccdure consisted m setting up the 
camera on a table 2 ft from the point where the subject’s eye was to be 
held Two 100-watt lamps were placed on cither side of the camera, one 
22 in, and the other 28 in from the object The lights wcie contiolied 
by a silent switch The mnteiial was assembled in a room that had no 
windows The room was not dnik, howrever, as the door was usually left 


*The camera used was kindly loaned by Professor Gross from the equip¬ 
ment of the Department of Physical Education for Women 
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partly open No attempt was made to get the eyes totally dark-adapted. 
The subject's eye would be placed for photographing, the camera would be 
started, and then the lights would be turned on for some time. A number 
of expoiiires with certain variations in technique were employed with each 
subject Since the lights could not be timed accurately with the beginning 
of an exposure, the hist frame of each senes usually shows some fiactioiul 
amount of exposure A slight enoi in tune measurement is thus introduced 
Bight light-eyed subjects were used three humans, three pigeons, and 
two eats The developed film was inspected and the pupillary sizes of the 
various eyes measuicd under the microscope The measurements are not 
perfectly accurate, The reptcaentation of the pupil on the film never 
exceeds 02 m in diameter, and descends to less than one-fifth of chat size 
The outline of the pupil under the microscope is often, blurred and fuzzy, 
and in some cases distorted by the image of the reflection fiom the point 
sources of illumination The average of seveial detcimmations, however, 
is probably quite accar.Lte. The data for each of the different classes 
of animals are graphed in Figure 1 The curve for the three human sub¬ 
jects includes IS exposures There aie 26 exposures averaged for the 
three pigeons, and 7 for the two cate The differences between individuals 
of the same class were limited almost exclusively to pupillary size Group¬ 
ing the subjects makea piactically no difference with respect to pupillary 
change as a function of tune A minor exception will be mentioned later 

A glance at the curves shows that the eyes of the pigeon are accommo¬ 
dated before the human eye even starts to change The eyes of the cats 
probably start changing almost immediately, but they continue to adjust 
at least for 2 sec. after the lights are turned on Let us consider the data 
for each class of animal in turn. 

In 15 of the 26 seiios with the pigeons, the animals closed apparently 
the nictitating membrane (I, 4, 6) Two of these closures occur in the 
first exposed fiamc of the senes. This indicates a remarkably fast 
reaction-time for the moscles conti oiling this membrane Bight occur in 
the second frame Three of these are continued into the third frame. 
The remaining 5 all occur during the cxposuic of the third frame When 
the eye is thus "closed" the pupil can still be seen pictuied on the film 
through the membiane, but the outline is too diffuse to measure In many 
of the frames the pupil of the eye of (he pigeon seems oval in shape, at 
about a 15-ta-fS ratio This may have been due to changes in the axis 
of vision, blit I believe that it lepresenh an actual condition, and one that 
can be observed with the unaided eye when a pigeon focuses an object 
that is near and in front of it The different sets of exposures with the 
pigeons show a high consistency. Practically none of the measurements 
of a given pigeon vary as much as 3 units from analogous frames in other 
senes No such reliability occurs cither with cats or with humans Fur¬ 
ther, in 14 of the exposure sets the pupillary accommodation was completed 
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by the second frame. In the others there were slight changes as far as 
the third or fourth frame The smallest pupillary size developed when 
a spot of light from a flashlight was played upon the eye of a pigeon The 
pupil then measured about 035 to 0+ in. in diameter The extreme rapidity 
and consistency of reaction m the iris of the pigeon may be attributed to 
the striated character of the muscle. Slonnker has shown that both the 
iria and the ciliary muscle in the spanow aic striated (4), and this doubt¬ 
less holds true of the pigeon 

Both of the cats, upon their first exposure to tiie lights, closed and opened 
their eyes three or four times m the first 2 see. of photogiaphing This 
blinking was rare on fuither exposures, even though the cats struggled a bit 
to turn away from the lights As with the human subjects, the pupil of the 
eye was larger on the first senes than on the subsequent ones This might 
be due to residual effects from the preceding exposures, lathcr than to 
any practice effects. The more rapidly adapting pigeon’s eye woiild not 
show residual effects under the conditions of this experiment The ins 
of the cat at the first frame m each series of exposures is quite round, 
but becomes oval (n d to S frames The size of the pupil on the first frame 
of each series could not be well determined because practically all of the 
exposures had insufficient illumination The first value in the plot for cats 
is not very reliable Due to the head-turning and squinting, measurements 
of the vertical extent of the pupil arc virtually impossible early in the 
scries, and even the horizontal extents may be slightly in error Two 
exposures, however, lasted 3 5 and 4 5 sec, and at both the 50th and the 
70th frames the pupil had reached a size of 10 units horizontally and 20 
vertically (approximately .06 x 12 in.) 

For the three human subjects there were in all 15 exposures, and in no 
case did any blinking or winking show m the film. I do not know that 
any of the subjects did wink As with the cats, the first series for each 
subject gave a consistently larger pupil, by about S units at all readings 
for the first 8 to 12 frames Again, like the cats, the two eyes were often 
uneven m pupillary size. It is to be remembered that the two lights used 
for illumination were asymmetrically placed Great individual differences 
in pupillary size occurred with the humans on the fiist frame of each 
exposure series, although by the end of IS or 20 frames the greatest differ¬ 
ence was about equal to that between a pair of the pigeons, namely, 
5 units. 

In conclusion, this investigation shows that the ins of the living pigeort 
can adapt itself to a sudden and intense increase in illumination in 06 
to 12 sec Under the same conditions the human ills does not start to 
change until after at least 12 sec, and only appioaches stability after a 
full second The ins of the cat starts to react more quickly than that of 
the human, but continues the process of adaptation much longer 
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AN ANECDOTE ILLUSTRATING “DISGUST” IN A DOG 
Ralph H Gundlach 

In a test of the James-Lange theory of emotions, Sherrington observed 
and reported "disgust” on the part of dogs oven after tiansection of the 
spinal cord when they were offered dog meat (3, pp 261 ff,) Two recent in¬ 
vestigators have repeated this phase of Sherrington’s work, and both report 
somewhat diiferent results with normal animals, They find that some dogs 
will eat dog meat at once, and that all or most others will reject iL for a 
lime only; but, further, they find that some of those that reject dog meat 
also reject other sorts of food Maslow conchides {2) that the emotion 
of disgust has not been shown in dogs, and Girden. concludes (1), in the 
same vein, that aversion for dog meat is far from uncommon 
It appears to me very strange if dogs can generalize the species charac¬ 
ter of the odor of dog flesh and can recognize it as their own. It seems 
more plausible to suppose that dogs, ns most creatures, become habituated 
to certain kinds of foods Some material new and stiangc to the adult 
may eventually be treated as food, hnt it may well be treated with con¬ 
siderable diffidence at first. This seems to be the typical behavior of the 
dogs reported by Maslow and Girdeo It would have been interesting to 
try some of the dogs tieated in these experiinents on dog meat with, say, 
whale meat, smoked or frozen salmon, snake, or the like The idiosyncrasies 
of food habits in dogs and cats is a common source of table conversation 
Such an idiosyncrasy occasions my story, which, I trust, adequately illus¬ 
trates the emotion of disgust in a dog I was living one summer on a 
mountain top in a tent A pack tram established me, but replenishments I 
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had to pack in from a town 8 railfia distant. Aa a consequence I had little 
meat A young setter pup was with me. lie soon grew to dislike much of 
the food I could provtde him Hia rations consisted of oatmeal and canned 
milk, and "bannock"—a muffin batter cooked as a big thick pancake—gar¬ 
nished with a little ham or bacon The dog would eagerly await breakfast 
and would eat his mush at tunes With some iclisli, especially If some meat 
was flaked up in it, But he would not fill up upon such food when the 
aroma of ham or hacon still filled the air So he would sit and occasionally 
beg as I ate breakfast. Sometimes I would toss him a morsel The emotion 
of "disgust" would be amply demonstrated if the moiael turned out to be a 
good hunk of bannock 

The dog would catch the food as I tossed It to him But if it wag ban¬ 
nock he would spit u out onto the pme-nccdlc-and-dirt floor Typically, he 
would then gingerly nppioach it, and sniflF Then he would exhale with 
considerable vehemence, shake lits head, sneeze, wrinkle up his forehead 
between the cars, the next step would consist in attempts to bniy the odor 
of the bannock That is, he would thiow diit ovci the food with lua paws, 
or more often with his nose, and then ease up to if to smlf ngnin, liut the 
smell would still be there, and he would snort with a snapping shake of 
his head and vigorously attempt to hury the pancake again and again 
Finally, he would give up the attempts at local buiial, and icnch for the 
food with his teeth. With Ups drawn far back, head extended, nose wrinkled, 
he would pick up the bite, glance about the tent, and then very carefully, 
and with a seeming bated breath, match out of the tent nnd away to a big 
rock slide There he would drop the cake, again snort (to clear his nose 
of the odor?), and sometimes he would shake somewhat as a dog does 
coming out of water Then back to the lent he would come prancing, head 
and ears and tail up, seeming thoroughly pleased with himself 
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THE SECOND PSYCHOLOGICAL EXPEDITION TO CENTRAL ASIA* 

A. R Luftiii 

The second psychological expedition to centidl Asia, which took place in 
the Slimmer of 1932, had for its aim extension of reseaiches which were 
undertaken by the first expedition in 1931 The fundamental aim was to 
study those peculiarities of the psyclie which are tlie result of various his¬ 
torical conditions and to trace out Che fundamental laws in development 
of psychological processes In this respect central Asia is of exceptional 
interest on account of the residuals of primitive economic conditions which 
arc now undergoing tremendous industrial, political, and cultural tians- 
formation. This change gives opportunity for studying not only the 
peculiarities of psychological processes under various conditions but, what 
is moie important, the very dynamics of the transition from the more ele¬ 
mentary psychological laws to the more complex processes Just as in the 
first expedition, the study was undertaken in the region of Uzbekistan In 
which were especially chosen the more primitive kishlakn districts as far 
as their economic, cultural, and social conditions were concerned, such as 
the Kishlaks of Shnhimardan and Jordan, and the grazing kirgiz lands jn 
the Altai Mountains, as contiastcd with the Kishlaks of Palman with a 
thorough collectivization, well-developed cultural work, and high industrial 
organization. 

In contradistinction to the fiist expedition, not only the adults were studied 
but also the kishlak youth on whom the cultural changes must have made a 
special impression In the second psychological expedition the following 
took part 

Professor A R, Lurin, Diiector of the Expedition 

Professor K Kofffca (Smith College, Northampton, Mass ) 

Piofessor P I Leventueff of Samarkand 

Docent F. I Shemyakm of Moscow 

Docent A. I Kaminina of Samarkand 

Assistant E H Mordkovich of Moscow, and a group of Reseaich Fellows 
of the Uzbek Stale Academy of Education: G Ashrafi Bagautdinov, 
Mangushova, Nugmanoff, and Ussmanoff 

The expedition was organized by the State Psychological Institute of Mos¬ 
cow, the Psychological Section of the Ukrainian Psychoneurological Academy 
of Khaikov, and the Depaitmeat ot Education of the Uzbek Pedagogical 
Academy The expedition was also backed by People’s Commissariat of 
Education of (he Uzbek Socialist Soviet Republic and the Government of 
Uzbekistan. 

The immediate aim of the expedition consuted in the further study of the 
system of thinking which is characteristic of primitive societies, the devolop- 

*Translated from Russinrj by Dr. J Kasanin and Dr F L Wells 
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ment of the psychological functions in their thinking, and in the pointing-out 
of those changes which this thinking undergoes in social and cultural trans¬ 
formation connected with socialistic growth In the account of the first 
expedition it was shown that in the piimitive community life one finds a 
specific system of thinking which is cliarnctcnred by its own structuie, and 
by a different role which speech takes in it, A fact was noted that the main 
function of this thinking is not the foimation of abstiact connection and 
relationship between symbols, but icproduction of whole situations, whole 
complexes closely connected with specific life expciicnccs, it was pointed 
out that separate psychological operations, such ns memoiy, coinpaiison, 
generalization, and abstraction, arc formed in this type of thinking quite 
differently, and that, with the change of economic conditions this situational 
or complicated thinking veiy quickly becomes changed, giving place to other 
more complex forms of thought. It was the aim of the second expedition 
to study in more detail the characteristics of the structuie of the "situational” 
thinking and its various functions as well as to study those paths along 
which the transformation of the situational thinking takes place by the de¬ 
velopment of thought into concepts under the inilucnce of such new molding 
forces ns collectivization, cultural development, litcrntuic, etc. In this field 
the following problems were undertaken* 

1 Ptofissor A R, Luna m cooperation with Dnffautdiiiov^The siruc- 
itire of situational thinking and the lines of Hs modifications. The woik was 
devoted to two fundamental problems. On one hand, thcic wns an experi¬ 
mental study of the formation of vnilous intellectual functions in situational 
thinking. The formation of logical conclusions, abstiaction, genoializatlon, 
and classification were studied In a seiles of experiments, and it wns estab¬ 
lished that all of these have Iheir spiafic peculiarities which sharply differ¬ 
entiate situational from categorical thinking Being involved in everyday 
practical life, it operates to a large extent with lendy-madc things and actual 
situations rather than conditioned symbols It reproduces more completely 
the connection between things entering Into the general situation instead of 
the establishment of logical categorical relationships It brings things under 
the same denoniinatoi instead of generalization along definite rules It gen¬ 
eralizes by approximating things At the same time, one finds ready steps 
toward conceptual thinking, which develops very rapidly under the influence 
of cultural and social stimuli In this development a very impoitant part is 
played by speech, which receives new Intellectual functions 
A second problem was the study of the extent to which it la possible to 
have thinking in isolated compartments not connected with immediate ex¬ 
periences. By 0 senes of experiments it was established that, while reason¬ 
ing connected with an immediate situation runs thiough without any diffi¬ 
culties, the same reasoning removed fiom actual situation and transferred 
into a purely artificial system becomes extremely laboicd or altogether im¬ 
possible, such as, for example, when problems have to be solved in con- 
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nection with purely artificial setting, etc, or the reductions from the oppo¬ 
site In this respect thcie was n deBmte difference in the individuals on 
different levels of cultural and social development 

2. Professor Kiirl Koffkn, togetfiei with G Ashrafy—liivestigaiion of 
perception in various historical eitUural phases The following results may 
be considered as proved* With very few exceptions the men and women 
examined by us succumbed to the optical illuiions—of wliicli a great variety 
was shown—just as we do Quantitative measurements of the Miiller- 
Lycr and Poggetidotf patterns yielded a slightly smaller amount of these 
ilhisians than control experiments with European psychologists The ex¬ 
ceptions, which were very rare in this expedition, but had been much more 
frequent m the first, are easily explained by the attitude of the testees 
towards the experimenter. Naive, social subjects who treated the experimen¬ 
ter on a footing of equahty and did not regard the experiment as a test of 
their ability had the illusion without exception Only when the subjects were 
suspicious, staling a long time at (he patterns before making their judg¬ 
ments, the illusions failed to appear with some though by no means with 
all patterns, in accoidancc with well-known facta 

Similarly, it could be proved with several very simple figures like Mach's 
book, Neckcr's cube, Schroder's staiicdse, that plane perspective di awmgs 
may compel the perception of a tridimensional object. If the pattern is more 
complex and has greater representatne value, the intended tiidimensional 
effect, as a rule, does not appear, although we see these figures as tridimen¬ 
sional. Thus the opposite report of previous investigators can be cxplameci, 
according to which Uzbeks, not reached by modern culture, cannot perceive 
perspective 

Transformation in the organization of a chess-board pattein was always 
performed, though sometimes with difficulty The Kchts test manifested 
great, but not insuperable, difficulties in the abandonment of the oiiginaliy 
perceived form * 

3 Professor P Levenlueff, together wit/i Assistant Mangns/iova — hi- 
vestigalion of causative ihmhtng and its historical development, Tliis prob¬ 
lem was started duiing the first expedition In the second expedition the 
work began by an attempt to clarify the process of causation m empirical 
and theoretical thinking, and the function of speech in understanding of 
causation and to investigate processes involved in understanding of familiar 
situations as they become broadened into ideas about unfamiliar objects 
Special experiments were devoted to causation as perceived in situa¬ 
tional thinking and the stages of development in the structure of reasoning 

4. Docent F, H Shemyaktn, iogethir vnt/i Assistant PJugmanofJ—The 


'^Translator’s note These conclusions were sent directly to us by Professor 
Kofffca 
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undetJiaflilinff of symbols m JJlM/ifiownJ thvtkmg. TUe itsaearch was de¬ 
voted to the clarifying of how complex meanings are understood m situa¬ 
tional {complicated) and perceptual thinking. The investigation included 
nn understanding of comparisons, metaphors, proverbs, and fables with 
an analysis of the structure of the process of understanding their meaning 
DifHcultics were described which were encounteted in complex thinking 
when the subject is confronted with the problem of understanding of sym¬ 
bolic speech. This investigation points to the fact that in preparing a text 
for the illiterates, as well as lectures for people living on a primitive cul¬ 
tural level, one must understand the peculiarities of complex thinking, and 
avoid those expressions which might be misinterpieted in such thinking. 

A special "Arbeit” dealt with the appreciation of humor in complex think¬ 
ing It was learned that the appreciation of humor in complex thinking, 
as well as m the active technique, contains certain special features As a 
result of this, it was learned that certain common devices usually employed 
in making jokes, which ate connected with substitution of meanings rathci 
than situations, are beyond reach of certain cultural groups 

5 yissist<i»t E ^ Mordhomcfi -^T/se timlerslaniUtig of a foster and tU 
meamug ui situational t/unktag The problem consisted in the analysis of 
how the meaning of (he poster with its symbolic meanings is understood in 
complex thinking I( was established that a great de.il in the symbolic 
posters WAS understood diderently by the primitive cultural groups than by 
the urban groups 

6 Docent/I. A Ussiiiano0, logel/sei with E II Mordkovich—Operations 
of counting hi coinflo, thinking In an Investigation of simple operations, 
which began In the previous expedition, the following problems came up the 
understanding of numbers and sequence of numbers, the structiue of four 
species in connection with the older counting operations (a scale of 5, and a 
scale of 20), and the ratios The primitive ways of measuring and count¬ 
ing were studied 

The material obtained In the two psychological expeditions to Central 
Asia established certain peculiarities in the structure of thinking and the 
special psychological process at various stages of cultuial historical develop¬ 
ment It outlined those lines along which wc have the development of psy¬ 
chological processes in a changing environment, largely chaiacteiircd by 
ever-mcieasing economic and industrial complexities Further work in the 
analysis of this material, as well ns a comparison of experiments in the 
villagps as contrasted with the factory, would go on in a special division 
in the Moscow Psychological Institute devoted to ihc study of development 
of the psyche The control investigation of structure of tliinlcing m the dis¬ 
integration of psychological processes would be concentrated m the division 
of Normal and Pathological Psychology of the Psychological Sector oE the 
Ukrainian Psychoneurological Academy in Kharkov The further work in 
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the study of the development of thought in the Uibek child would be con¬ 
ducted by the Pedagogical Faculty of the Uzbek State Pedagogical Academy 
in Samarkand The works of the first and second psychological expeditions 
will be ready for press and prepared for publication by Professor Luna 
within the next year< 

Medico-bioloffical Institute 
Moskowj USSR 
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H. Kluvbr Behavior Mechanisms tn Mouieys. Chicago: Unlv Chicago 
Pressj 1933 Pp. xvii+387 $*100. 

The scope of this monograph is much bioaticr than its title might indicate. 
While It ostensibly deals with the behavior of a small group of monkeys, 
the monograph actually envisages the whole methodological and theoretical 
framework of animal psychology. The nutlior intiodiices a new and some¬ 
what ingenious technique foi the investigation of sensory and related pro¬ 
cesses in piimatea, a penetrating analysis of ceitain types of dUcrimination 
in monkeys, with spcclnl emphasis upon the problem of equivalent stimuli; 
and a critical examination, m the light of data obtained with monkeys, of 
such psychological problems as abstraction, genciallzation, intelligence, 
relntlve and absolute reactions, objective and phenomenal propeitics of 
stimuli, approximate constancy in perception, and the problem of the “field” 
and related problems. The emphasis is decidedly Gestalt, but not un¬ 
critically so Notable features of the authoi’s work nre Ins cnrcful control 
of factors which might be regarded as extraneous to the problems under 
investigation and his meticulous reporting of the conditions under which the 
Investigations were earned out. 

Most of the expeiimcnts involve some foim of the “pulling in technique” 
In a typical situation the monkey is confronted by two or more boxes, 
each containing a string the end of which is within reach The boxes serve 
to present stimuli differing in weight, size, shape, color, noise, and the like 
The animal receives n food reward whenever he pulls in the box containing 
the coirect stimulus When the discrimination had reached a high degree 
of accuracy several controls to ascertain the influence of extinncous factors 
such, for example, as relative friction were carried out. If the animal 
maintained his discrimination throughout these controls, different stimuli 
were next substituted with a view to determining the nature of the situation 
governing the responses Other experiments involved a determination of 
sensory acuity, the ability to use instruments, handedness, the existence of 
strata functions, and anisotropy 

Throughout most of the discrimination experiments, which comprise the 
most important part of the research, there was considerable const.Tncy of 
response despite marked changes in the relative nnd absolute character of 
the stimuli Although there were a few instances of response to absolute 
stimuli, a result in conformity with Kohlei’s well-known results The par¬ 
ticular contribution of Kluver along thc'ic lines, however, is not so much 
his observation of the relative nature of primate icsponscs as Ins analysis 
of the wide variety of stimuli capable of calling out equivalent responses 
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Many questions are raised by this analysis and the author fails to answer 
them Steadfastly refusing to believe that they arc unanswerable, however, 
he puts his faith in futiue experimental analysis 

Although the monogiaph raises moie questions than it answers, certain 
conclusions are heiieved by the author to be in order He says, "It must 
be assumed that the constanigr of response is dependent on the existence of 
such stimulus properties as raaire heterogeneous stimulus constellations 
‘identifiable'" This idcntifiability cannot, however, be explained satisfactorily 
by resoiting to such concepts as gcoerslization, absti action of identical ele¬ 
ments in the various stimulating eonditions, or some Stiukturfunktion "There 
is not such a thing as an ‘abstiaction' pei se oi a ^generalization' per se or on 
autochthonous ‘Strukturfunktion' The situation remains essentially the 
same if the 'element' is identified with on objectively existent 'relation' or 
an objectively existent 'ratio' The independence of the 'relations' from 
the 'iclata' has eeitain limits Because of the existence of these limits 
concepts such as ‘Stiukturfiinktion,' ‘gencraliration,’ etc, unless properly 
modified, must be viewed as ovcisimplifications In formulating ‘basic’ 
mechanisms in behavior the paiticulai characteristics of the 'relntn' must be 
given due weight.” 

The author places considerable emphasis upon such concepts aa ''inter¬ 
dependence of aspects” and "phenomenal mgetherness,” but be insists that 
these concepts cannot receive adequate definition except through detailed 
experimental analysis of the relation between behavior and the stimulus 
characteiistics upon wbicli it depends "Instead of attempting to find 
‘exact’ but empty laws of behavior we must for a while be content with a 
cautious 'moiphopsychological' stand, that is, with experimentally determin¬ 
ing various forms of interdependence” 

The experiraelita! data are reported in minute detail, approximately 
three hundred pages being thus appropriated There are many illustrations, 
some cf them comprising sections of moving pictore film, The bibliography 
includes over three hundred citarions 

NoRMiVN L. Munn 

UiiiversUy of PUlshur/^li 
Ptttshirgh, Pennsyhauia 
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Introduction 

Altliough the liteiiituie upon the plantar response of the neonate 
IS voluminou*? the significant contributions aie limited m number. 
In brief, the gieat majority of those who have wiittcn conceining 
tins response have contented themselves with notation of the pres¬ 
ence or absence of the Babinsici reflex A considerable latitude is 
shown in wliat is included in the “sign," but usually all responses 
are disiegaided except those of the big toe, and if the movement 
is extensor m nature the Babinski leflex is reported. Less fre- 
Quently, extension of the other toes and signe d’eveniail (fanning) 
aie recorded 

It IS obvious that this separation of only one element from a 
response dcpiives us of the most significant features, namely, the 
relations between the various segments participating m the re¬ 
sponse. Such practices tell us little regarding the nature of de¬ 
velopment in the human organism Those who report the piesence 
of the Babinslci sign usually leitciatc one of the earliest generaliza¬ 
tions, to the effect that since the leflex is pnihological in .Tdults 

*Accepteci for publication by Carl Murchison of tlie Editorial Board 
and received in Ihc Edilonnl Oflicc, December 15, 1933 

’This iave?iigaiJon was completed while the writer was National Re¬ 
search Council Fellow at Ohio State University during 1930-31 Pre¬ 
liminary findings were rcpoitcd in a paper presented at the meetings of 
the Midwestern Psychological Association at the University of Chicago 
m May 1931 The writer takes this opportunity to acknowledge again 
his obligations to the National Research Council, to the Departments of 
Psychology and Obstetrics at Ohio State University, to hia director, the 
late D; A P Weiss, and to bis assistants, Mr. Charles IIu and Mr, / 
Citmeron 
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Introduction 

Although the htcratuic upon the plniitni response of the neonate 
is voluminous the significant contributions arc limited in niimbci. 
In brief, tlie great majoiity of those who have written concerning 
tliii} lesponse have contented themselves with notation of the pres¬ 
ence or absence of tlie Babinski reflex A consulciable latitude is 
shown in what is included in the "sign,” but usually all responses 
are disregarded except those of the big toe, and if tlie movement 
IS extensor in nature the Babinski reflex is leportcd. Less fre¬ 
quently, extension of the other toes and signe d’hentail (fanning) 
are recorded 

It is obvious that tins sepaiation of only one element fiom a 
response depiives us of the most significant features, namely, the 
relations between the various segments participating in the re¬ 
sponse Such practices tell us little regarding the nature of de¬ 
velopment in the human organism Those xvho report the presence 
of the Eabinsld sign usually icitcratc one of the earliest gencializa- 
tions, to the effect that since the leflcx is pathological in adults 

■*Accepted for pnbljcntion by Cail Murchiwn of llie Editorial Board 
and received in the Editoii.il Olhee, December IS, 1933 

^This investigation was completed while the writer was National Re¬ 
search Council Fellow .nt Ohio State University during 1930-31 Pre¬ 
liminary findings were reported m a paper presented at the meetings of 
the Midwestern Psychological Association at the University of Chicago 
m Mny 1931 The writer takes this opportunity to ncknowlctlgc again 
hi9 obligations to the National Research Council, to the Departments of 
Psychology and Obstetrics at Ohio State University, to his director, the 
late Dr A P Weiss, and to his assistants, Mr Charles Hu and Mr J 
C.imeron 
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M'lth pyiamidal tract disturbances or lesions the appearance of this 
type of plantar lesponse as a physiological character in newborn 
infants is the result of incomplete myehnrzation of the pyramidal 
tracts. This interpretation continues to persist because most of the 
investigators are unacquainted with the epochal studies of Min¬ 
kowski, Bersot, and others, which show an absence of the Babinski 
and the presence of a response of noimal plantar flexion m the 
late fetal stages 

It is not the aim of this papci to levievv the history of plantar 
study Condensed accounts (13, 14) of this field of investigation 
have been made by the wiitei, .uid it will suffice here briefly to 
sketch the results which have scivcd to delineate the major features 
of the problem. This will provide the necessary setting foi tlic 
aims of the present investigation. 

Special interest in the plantar icsponse appaicntly arose from 
Babinski’s (1) oiiginal discovery and description of the adult 
pathological icsponse (which now bears his name) and from his 
subsequently verified piediction that this type of plantar reaction 
would be physiological in infants. We have mentioned m a pie- 
vious connection the neuiological mteipictation tliat has been de¬ 
veloped from his studies 

Comparative or phylogenetic studies were initiated by Collier 
(8), who investigated the cliaiactcr of the response in apes and 
children He noted that in older children during sleep there often 
occuried a reversion to plantar extension. 

Rudolph (15) drew attention to certain parallels between phylo¬ 
genetic, ontogenetic, and pathological changes m the lesponse to 
plantar stimulation His work is suggestive but, on account of 
limited sampling, it is not conclusive. 

Burr (6) found insufficient regularity of reaction, in his opinion, 
to warrant the designation "reflex” This observation was im¬ 
portant in that It has served as a corrective to the uncritical con¬ 
ception of the neonate as an organism equipped with highly specific 
reflexes. 

The chaiactcr of the response during the fetal stages was deter¬ 
mined by Minkowski (10) and Bersot (5), the lattei tracing the 
genetic changes in the response thioughout the life history of man 
(4). Bersot undertook to study systematically the total responses 
to plantar stimulation at different age levels He demonstrated by 
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statistical methods the variability or spread of effector segments 
involved and traced the shift in these chaiacteristics with advanc¬ 
ing age. Further, the movements of segments were analyzed in 
teims of the inneivatcd muscles. This senes of studies represents 
a significant step forward m tlie refinement of (obseivational) 
analysis, 

It appears that our next attack on this pioblcm should be the 
combination of Bersot’s analytical method with motion-picture 
recoids of behavior and with a more effective contiol of the stim¬ 
ulus The present investigation clearly indicates the need for such 
procedure. The stimulus contiol developed by Weiss and his asso¬ 
ciates (14) and employed m the picscnt leseaich is not sufficiently 
precise, and the slieei impossibility of obtaining complete observa¬ 
tional recordings has been dcmoiibtratcd convincingly. The stimulat¬ 
ing device must effect a bcttei control of the extent of application 
of the stimulus and of the duration of the stimulus The problem 
would be gicatly simplified if it were possible to apply a punctiform 
stimulus but theie is evidence, accoidmg to Carmichael (7), which 
indicates that responses to point and to stroking contact stimula¬ 
tion may not be the same m all cases The rese.ircli reported in 
this paper arose from an earlier verification (14) of pait of Bersot’s 
thesis regarding the nature of the response 

Since the plantar response seems relatively free from modification 
induced by environmental stimulation, it is apparent that it fur¬ 
nishes ideal mateiial foi studying hehavioi changes which are de¬ 
pendent upon growth processes 

One of the current concepts of the nature of the newborn child 
holds that from the behavior standpoint he embodies a number of 
specific refiexes whose subsequent intcgiation into patterns is a 
function of the environment. Another view holds that normally 
organisms are always integialcd, and that at first there is a total 
pattern fiom which leflcxes or part activities subsequently arc in¬ 
dividuated The first view is typified by the Watsonian school 
the second by Minkowski, Bcisot, and Coghill 

If the first hypothesis is coirect we should expect to find initially 
a high incidence in the occurience of a certain response witliin a 
relatively specific reflexogenous zone. If the second is more ac¬ 
curate wc should find that at fiist a response is moie generalized 
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iti Its leccptoi-eftcctor relations, and that is becomes “specific'’ 
(Bersot) or “individuated” (Coghill) as development pioceeds 

Beisot's studies (4, 5) indicate that for the plantar response 
in postnatal life there is a reflexogctious zone which extends over 
most of the cutaneous surface ot the body Stimulation of the 
cnstomaiy aiea, i.e., the median line of the plantar surface, evokes 
responses which initially include activity in most segments of the 
body. With advance in age the leflcxogcnous zone becomes pio- 
gressively icstiicted with respect to normal stimuli, and the re¬ 
sponses become moie and more limited to the member stimulated, 
with eventual restiiction to movements of the big toe. In addition 
to these changes, a genetic shift from flexion-to-extension-to-flexion 
is observed. 

The Problem 

The classification of behavior as “specific” or “generalized” de¬ 
pends upon the point of lefcrence that is used in the cross-sectional 
or longitudinal planes^ “Specificity” of behavioi rests upon the 
following ciiteria: (I) the relative invariability of occunence of 
(2) responses relatively localized in particular effector segments 
and manifesting (3) iclativcly limited stimulus-reccptor-effcctor re¬ 
lations to action upon receptors or upon receptor areas by (4) 
stimuli restricted m type and range. 

The object of the portion ot the investigation tieatcd m this 
paper Is to determine (1) the sensitivity of the area and the fie- 
quencics and spread of effector-segment participation m lesponse 
to stimulation of the 7ighl plantar median, and (2) to compare 
these with the sensitivity and the frequencies of effector-segment 
participation in responses to stimulation of other cutaneous aieas 
of the lower limb, in order that ccitain limits of the reflexogenous 
zone 01 areas of differentiation may be exploied. An incidental 
aim is to asceitain the relative percentage of movements according 
to type (whethei flexor or extensor) of the eftectoi segments of 
the leg The compaiative frequencies of cftectoi-scgment patterns 
of response will be treated in a subsequent papci 

^The writer hag attempted in another paper (12) to evaluate and define 
these terms as descriptive categories in the classification of human be¬ 
havior from the geiietic or developmental point of view, 
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Technique 

The infant is transported in its bassinet from the nursery to 
the experimental joom. There it is divested of its sleeveless gown 
and IS placed upon a low movable padded platform so that the 
infant’s head will he m shadow while the remaindei of the trunk 
IS illuminated by the student lamp, which is the only souice of 
illumination in the lOom The polygiaph motoi, attaclied to the 
expeiimental chamber or cabinet devised and used by Piatt, Nelson, 
and Sun (14), Is then staitcd in ordci to operate the timer The 
expciimenter sits on one side of the platform and the recorder at 
the otliei llecoidei and experimenter check each other’s observa¬ 
tions of the reactions, but the foimcr docs all of the lecordmg on 
special mimeographed blanks TIic stimulating device consists of 
<\ holder (14) which icccncs the ordinary hospital applicators which 
arc changed for each infant The infant’s leg rests upon tlic open 
palm of the experimenter’s hand The stimulation is by the usual 
stroking contact but with a definite limitation of the piessuic to 
about thicc grams 

The following aicas arc stimulated. 

1 the median line of the plantar surface of both feet 

2 above heel (tendon Achilles insertion) 

3 inner surface of the leg in the region of the knee 

4 top of foot (pedes dorsum) 

5. top of big toe (hallux doisum) 

6 top of little toe (T5 dorsum) 

7i top of T2 (X2 dorsum) 

8 undei big toe (hallux plantar sujfacc) 

9. under little toe (T5 plantar surface) 

10 under T2 (T2 plantar surface) 

11. light plantar mesial border 

12 right plantar lateral border 

On the aveiage, the time foi completion of the experiment is 
about 15 minutes, distributed as follows. 

1, A 2-miiiute adaptation peiiod after the infant is removed 
from the bassinet and divested of its sleeveless gown The period 
IS sometimes prolonged until quiescence is attained 

2. A 3/4- to 4-minutc period of stimulation of the 11 selected 
cutaneous areas 
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3. A l-mmute rest interval. 

4. A 3^2- to 4-minute period of alternate stimulation m the 
median plantai line of the light and of tlie left foot 

5 A 1-minute rest inteival. 

6 A second 3j4- to 4'mmutc pciiod of stimulation of the 11 
cutaneous aicas. 

The duration of each stimulation is fiom 1 to 2 seconds and 
the mteival between stimulations is fiom 15 to 20 seconds, on the 
avei.age Tlic lecoider times the adaptation peiiod, and the ex- 
pci imentcr spaces stimuli and rest peiiods according to the 5-second 
interval clicks of the timer. 

The Older of stimulation of the aieas is as follows: 

1 tendon Achilles insertion 

2. hallux dorsum 

3. plantai mesial boidci 

4. T2 plantai surface 

5 T5 plantai surface 

6 T5 doisiim 

7. pedes doisum 

8. plantar latcial bolder 

9. hallux plantar surface 
10 leg mesial surface 

11. T2 dorsum 

12. rest period 

13. right plantar median 

14. left plantai mcdLin 

15. right plantai median 

16. left plantar median 

17. light plantar median 

18. left plantar median 

19. rest period 

20. T5 dorsum 
21 pedes dorsum 

22. plantar lateial boidei 

23. hallux plantar surface 

24 leg mesial surface 

25 T2 dorsum 

26. tendon Achilles insertion 
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27. hallux cloisum 

28 plantai mesial boidei 

29 T2 plantar suiface 

30 T5 plantar suiface 

A umvcisal type of lecoid blank makea piovisioii foi lecoithng 
tile types of movement m different segments of the bod}’’ In actual 
piactice, leliability attaches only to lecords of movements in the 
two legs, and theie again pnmaiily to the one stimulated. This 
IS because the numbei of movements and then time of execution 
exceed tlie capacity of even two ob^civeis. Again, in the analysis 
of data, attention is given imiicip.iUv to two tjpes of movement, 
the flexion and the extension of a segment. “Fanning" {sit/ne 
il'eventad) of the toes, hotrcvci, is always iccoidcd because of 
Its frequent inclusion in repents upon tlic piescncc of the Babuiski 
response. 

Risults 

In the exploiation of the icflcxogcnous /one of the pl.mtai lo- 
sponsc, one of the fiist tests to be made is tliat of ascci taming 
tile difteiential sensitivity of the cutaneous aie.TS, according to stim¬ 
ulation under the same picssuic, time, and aical conditions, so fai 
as the stiucture of tlic pait will permit This differential sensi¬ 
tivity may be expicssed in terms of peicentage of fcsponse, If the 
sensitivity of the aicas is the same, then the pcicentages of responses 
to stimulation should closely approximate each othei. The same 
condition would picvail if there wcie no cftcctive lelation between 
the stimuli employed and ihc lesponscs that appealed during tlic 
experimental peiiod Diftciential sensitivity, ns expicssed in per¬ 
centage of response, pioves that exogenous lathei than endogenous 
factois aie opeiative and that not all cutaneous aieas of the lower 
leg are equally sensitive in regard to initiating activity in that 
member (Table 3) 

An area may be ratliei sensitive, jet the pioduccd icsponsc mav 
be so localized that the numbci of cftectoi segments participating 
m the lesponse is limited Hence a compaiison of the numbci of 
movements compusing tlie lesponse offers evidence of the limita¬ 
tion or lelative localization of the lesponsc Accojdingly, the le¬ 
sponse to stimulation of the hallux plantai suiface is more specific 
than the lesponse to stimulation of the light plantai median (Table 

3). 
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la this investigation only the responses noted in the stimulated 
limb are consideied. Furthei, the analysis, with the exception of 
fanning of the toes (siffne d^eveniail), is confined to two types of 
movement, flexion and extension. Fuither, the gioss effectoi seg¬ 
ments aie taken to he the thigh, lower leg, foot, and toes. It is 
realized that tins is not a complete picture, but it has proved to 
be beyond the scope of unaided observation to note the varying 
participation of movable segments within the toes. That there is 
such varying paiticipation has been repoited by Bersot (5), and 
the fact was also obseived in the piesent rcseaich, but not with 
sufficient accuracy to wairant its consideiation. In this paper, 
flexion or extension of a toe refers to the geneial direction of move¬ 
ment of the mcmbei whether effected in the distal phalanx or in 
the proximal phalanges. Even with this limitation it is obvious 
that the possibilities of toe participation in the response are better 
than 5 to 1, as compared with any other segment, since a third 
type of movement (“fanning”) is recorded (Table 4). Since these 
gloss, segmental movement values cannot really furnish a true 
picture of relative segment paiticipation they arc equalized (Table 
5) by eliminating "fanning of toes” and by reducing the remaining 
toe movements by 80%. A certain error arises m this procedure, 
since It equates all toe participation as alike, and ceitainly that is 
not the case. "Whether a bettei picture could be obtained by taking 
the hallux values is a moot question—certainly hallux movements 
have greater chances of occurring than have movements of any 
other toe. 

An analysis of the differential participation of the toes not only 
indicates the possibilities of independent representation that we have 
just mentioned but also throws light upon the effects of stimulation 
of toe areas as contrasted with foot and leg areas (Table 6). 

The type of movement, whether extension or flexion, may be 
studied from two angles (1) the relative participation of the 
different effector segments of the leg in the total movements of 
flexion or extension, and (2) the proportion of extension and flexion 
in the total movements of a given segment Thus the character 
of effector-segment movement may be ascertained according to the 
area of stimulation (Tables 7 and 8). It is possible to make a 
similar analysis of the character of movements of the different toes 
(Table 9). 
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TABLE I 

NUMDER AND DISTRIDUTION OF INFANTS AND OF EXPERIMENTS ACCORDING TO 

Sex and Racp of tup Subjects 



Mai 

e 

Female 

Totals 


No 

No 

No 

No 

No 

No 


infants 

expts 

infants 

expts, 

Infants 

expts 

Negro 

6 

10 

15 

MM 

MM 

44 

White 

13 

26 

21 



56 

Totals 

19 

36 

36 

6+ 

5$ 



Legend No c\pts —number of experimental periods 


Table 1 shows that. 

1. Of the 55 infants compiisiiiif the selection studied, 34 were 
white and 21 Negio, 36 ^^clc female and 19 male 
2 Of the 100 cxpcnmcntal periods completed, 44 involved 
Negroes and 56 whites, 36 involved males and 64 females 


TABLE 2 

Distribution of Experimental Periods According to Age, Sex, and Race 


Age in hours 

M 

Negro 

F 

M 

White 

F 

Totals 

0- 24 

0 

0 

0 

0 

0 

24- 48 

0 

I 

1 

0 

2 

48- 72 

0 

2 

2 

2 

6 

72- 96 

0 

5 

2 

5 

12 

96-120 

2 

3 

3 

4 

IZ 

120*144 

3 

7 

4 

5 

19 

144-168 

1 

3 

3 

1 

8 

168-192 

1 

3 

3 

3 

10 

192-216 

0 

3 

3 

5 

u 

216-240 

0 

0 

2 

2 

4 

240-264 

0 

3 

1 

0 

4 

264-233 

2 

1 

0 

0 

3 

288-312 

I 

3 

1 

0 

5 

360-384 

0 

0 

1 

0 

1 

480-504 

0 

0 

0 

2 

2 

504-528 

0 

0 

0 

1 

1 

Totals 

10 

34 

26 

30 

100 


Legend M —male, F —female 


Table 2 shows that 

1 No infants were tested on the day of birth and none bevond 
the age of 21 days 
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2. The gieat majontj' of the experiments wcie distiibuted from 
the third to the tenth day of life 

Table 3 shows that' 

1 The plantai surfaces are more sensitive to stimulation by 
a stroking contact than aie the other cutaneous areas of the lower 
leg Stimulation of the tight plantm median in 93.5% of the cases 
releases responses in the stimulated limb, of the left plantai median 
in 94.5% of the cases, of the mesial and lateial plantar boideis m 
90.5%, while stimulation of the pedes doisiim gives responses in 
56%, of the mesial siiiface of the leg in 42.5%, and of T2 dorsum 
in 38.5% of the cases 

2 Of the toe suifaces, the hallux plantm surface is most sen¬ 
sitive with 68%, and T2 doisum least with 38 5% lesponses 

3. The stimulation in the pedes doisum median (56%) is only 
a little more than half as effective in releasing lesponses as m the 
light plantm median (93 5%). 

4 The numbei of cftcctor-segment movements pei stimulation 
IS greatest for stimulation of plantar suifaces and least foi stimula¬ 
tion of toe suifaces and the inner leg surface Thus the niimbei 
of movements per stimulation for the tight plantar median is 5 64, 
for plantar mesial boidei 4 50, foi plantai lateial boulei 498, 
hallvy; plantai surface 1.88, hallux doisum 1 65, T5 doisum 1.83, 
T5 filflntar stir/ace 1,63, T2 doisnm 118, T2 sniface 1.68 

and for leg mesial suiface 1.47. This index is the lesultant of two 
factors: sensitivity or reactivity, and extent of eftector spiead or 
generalization. 

5. The number of segments participating per response is the 
greatest when plantar suifaces and top of foot aie stimulated and 
least when leg and toes aie stimulated. Thus theie are 6 04 seg¬ 
mental movements per response in the case of stimuluation of the 
light plantar median^ of the plantai mesial boulei 4 97, of the 
plantm lateial boulei 5.50, of pedes doisum 5.28, while leg mesial 
sin face gives 3 46 and hallux plantai suiface 2,77. The greatest 
specificity or localization of response accordingly is observed when 
the under suiface of the big toe is stimulated. 

Table 4 shows that 

1. In the gross total of segmental movements the toes pre- 
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dominate, ranging fiom 84 74^ when T5 doisian is stimulated, to 
60i20% when leg ?iiesial sin fate is stimulated 

2. Foot movements account foi the next highest fiequencv of 
participation, langing fiom 17 66^ when the planUu mesial bordei 
IS stimulated to 11.98% when T5 doisnni is stimulated. 

3 The leg movements come next, ranging fiom 17 34% when 
leg mesial suiface is stimulated to 1.68% when T2 donum is stimu¬ 
lated. 

4. The thigh movements occui with least fiequency, langing 
from 9 86% when leg mesial suiface is stimulated to 0 84% when 
T2 donum is stimulated. 

Table 5 shows that ■ 

1. When the toes aie equated as one total segment, the total 
reactions foi the toe values and foot values aie approximately the 
same for all areas stimulated, 

2. Leg movements are most frequent when leg mesial suiface 
is stimulated, giving '$371%, while the foot accounts for 26 49%, 
toes 20.52%, and thigh 19 20%. 

3. Movements of the leg occui about twice as frequently as 
movements of the thigh 

4. Movements of toe and foot segments occur about 8 times 
as frequently as movements of the thigh. 

Table 6 shows that: 

1. When lesults from stimulation of all cutaneous aieas are 
totaled, movements of the hallux occui most frequently, with de¬ 
creasing percentage of participation of each successive toe towards 
T5 Thus the hallux accounts foi 22 89% of all toe movements, 
T2 for 20.92%, T3 for 20 21%, T4 foi 19.54%, and T5 for 
16 34%. 

2. When the hallux plantar suiface is stimulated, the hallux 
accounts for 41 72% of all toe movementsj when the hallux donum 
IS stimulated, only 25.31% 

3. When T5 plantai suiface is stimulated, activity in that mem¬ 
ber accounts for 14 28% of toe movements, with participation of 
T4 21.64%, T3 22 07%, and hallux 20,34%, when TS dorsum 
is stimulated, T5 accounts for 16.16% and hallux foi 18 04% of 
toe movements 
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4. When T2 plantm smface is stimulated, activity in the mem- 
bei IS 21.48%, hallux 28 51%, T3 19 00%, T4 18.18%, and T5 
12 80% of total toe movements, when T2 do/simi is stimulated, 
the activity is distributed as follows* hallux 21.73%, T2 25 00%, 
T3 20 65%, T4 18.47%, and T5 14.13% 

5 When the nght planim medtan is stimulated, the participa¬ 
tion is as follows* hallux 2271%, T2 2049%, T3 20 10%, 
T4 19 19%, and T5 17.49% 

6 When the pedes dot sum is stimulated, the participation is 
as follows* hallux 16 29%, T2 22.80%, T3 22 05%, T4 21.30%, 
and T5 17 547o. 

7 When the tendon Achilles viseition is stimulated, the values 
aic hallux 20 22%, T2 22.13%, T3 21 75%, T4 20 61%, and 
T5 15 26%. 

8 Wlien tile leff mesial sutfare is stimulated, the participation 
IS hallux 2165%, T2 2101%, T3 20.38%, T4 19.74%, and 
T5 1719% 

Table 7 shows that: 

1. With the exception of the leg mesial suiface, of the areas 
stimulated the segmental participation in movements of extension 
was as follows toe appioximately 90%, foot, leg, and thigh tak¬ 
ing the leinaiiider decieabiiig in the order named, with movement 
in the last segment seldom occurring. 

2. When the leg mesial smface is stimulated, toe movements 
account for 64 86%, foot 1621%, and leg 18.91% of the total 
movements of extension. 

3 With the exception of the leg fiiesial smface, of the areas 
stimulated segmental participation in movements of flexion was as 
follows, foot approximately 60%, toes and leg next, and thigh 
least of all 

4 When the leg mesial smface is stimulated, toe movements 
account foi 6 30%, foot 27 99%, leg 39 63%, and thigh 26.18% 
of total movements of flexion 

5 When the tendon Jchdles insertion is stimulated, the paitici- 
pation in movements of flexion is toe 5 49%, foot 61,53%, leg 
21 97%, and thigh 10.93% 

6 Stimulation of toe areas results in few flexions of leg and 
thigh 
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Table 8 shows that; 

1 In the activity oi the toes extension aorounts foi about two- 
thirds of all movements 

2 In the activity of the foot flexion accounts io\ about 95% 
of all movements. 

3 In the activity of the leg flexion accounts foi about 90% 
of all movements. 

4 In activity of the thigh flexion accounts foi about 100% 
of tlie movements. 

Table 9 shows that. 

1 Among hallux movements the peicentage ot movements of ex¬ 
tension ranges from 86 61% wlien the plantar lateial boiilei is stimu¬ 
lated to 63 33% when the hallnv planiai sutface is stimulated 

2 Among T2 movements the percentage of movements of ex¬ 
tension ranges from 94 82% when the tendon Achilles nisei tion is 
stimulated to 50.98% when hallux plantat surface is stimulated. 

3 Among T3 movements the peicentage of movements of ex¬ 
tension ranges fiom 9298% when tendon Achilles nisei tion is stimu¬ 
lated to 48 83% when hallux plantai sniface is stimulated. 

4 Among T4 movements the percentage of movements of ex¬ 
tension ranges from 9259% when the tendon Achilles insertion is 
stimulated to 52.38% when the hallux plantai suiface is stimulated. 

5 Among T5 movements the percentage of movements of ex¬ 
tension ranges fiom 90 00% when the tendon Achilles inseition is 
stimulated to 4242% when the hallux plantai sniface is stimulated 

6. In gcncial, theie is a tendency for greatest peicentage of ex¬ 
tension to be found in hallux movements with progressive deciease 
through the othei toes towaids T5 and, convciscly, least flexion 
with hallux and most with T5. 

7. When the lialliiv plantai suiface is stmiiilaiedj theie is a ten¬ 
dency foi a greatei peicentage of flexion in all toes 

8 When the tendon Achilles insertion is stimulated, there is a 
tendency for a gieatci peicentage of extension in all toes 

9 When T2 plantai suiface is stimulated, hallux extension is 
much enhanced in compaiison to the othci toes 

10. When T'5 doistini is stimulated, extension accounts for 
74.41% and flexion 25 58%, when T5 plantar surface is stimulated, 
extension accounts for 72 72% and flexion 27 27% 
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11. When the /lotsum is stimulated, extension of the hal¬ 

lux accounts for 75 40% and flexion foi 24.59%, when the 
ploiitai siaface is stimulated, hallux extension is 63 63% and flexion 
36 36%. 

12 When the T2 doisum is stimulated, T2 extension accounts 
fo! 82 60%, flexion 17.39%, wJicn the T2 p!a)itoi suiface is stimu¬ 
lated, T2 extension is 63 46% and flexion 36,53%. 

13 In general, stimulation of toe aicas leads to a greater pei- 
centage of movements of toe flexion than does stimulation of plailtai 
aieas, top of foot, and above heel. 

Summary and Discussion 

1 The Rcflc\offcitoits Zone 

E\tent In the most gcneialued idiasc of the plantar icsponse, 
Bcisot (5) tclU us that tlie icflexogciious zone is coextensive with 
the cutaneous aica of tlie body and that, even aftci it becomes rc- 
stiicted (as far as noimal intensities aic conceined) to the plantar 
area, moie intense stimuli applied clscwhcic will still lelcasc the 
response in its most gencial phase Nevertheless, cxploiation of 
the largei reflexogenous oi stimulogcnous (Cogluli) zone in the 
neonate leveals the existence of sccond.uy zones or arcus which arc 
diftcrentiated in such mannei as to picsent moie or less varying 
reactivities 

Diffeieniial sensifiviiy If sensitivity is stated in terms of per¬ 
centage response to stimulation (R/S x 100), some of the cutaneous 
areas studied in this investigation manifest diftcicntial sensitivity 
(Table 3). Thus the plantar areas aic found to be most sensitive 
(Ri plnntnr medum 93 5%, planlai mesial and lateral Ooideis 
(90 5%), and TZ doisiim (38 5%), T5 planiai sin face (40 0%) 
and hallux dorsum (42 0%) aic least sensitive An intermediate 
degice of sensitivity is discovcied m the following aicas. hallux plan- 
iai suiface (68.0%i), pedes doisuin (560%) and J'Z pluiilai sici- 
face (47 0%). 

Among tlie toe cutaneous aieas the ludliix plaiiini sni face (68 0%) 
most closely appioximates the plantai areas in sensitivity. The toe 
plantar surfaces, T5 excepted, appeal to be more sensitive than the 
toe dorsal surfaces. The anomalous position of T5 in this respect 
probably has no significance, or it may be due to the effects of trans¬ 
mitted piessure (stimulation of T5 doisum) upon the plantai area 
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of the foot when the little toe is already in partial contact. Geneial- 
ly speaking, then, sensitivity decieascs pi ogressivcly from the plantai 
surfaces proximally along the leg Undoubtedly the structural basis 
for this differential must be the numbei and chaiacter of the lecep- 
tors per unit area in the various poitions of the leg cutaneous area. 

If these difteiences did not exist it would be necessaiy to conclude 
that eithei the receptor-effector connections were the same f complete 
geneialization), or that the lesponscs wcic the result of constant 
endogenous factois, unless a suitable contiol gioup established the 
efficacy of the specific exogenous factor. 

Segment spiead oi involvement The degree of segment spread 
in the lesponsc, as expressed in the latio of segmental movements 
to responses (S M /]?.), also serves to indicate the diffciences in RE 
(receptor-effector) hook-up of the diftcicnt cutaneous aieas (Table 
3). Responses are most localized, and in that sense “specific,” to 
stimulation of the hallux plantar surface (2.77) and most wide¬ 
spread (ie., “gencialized”) to stimulation of tlie plantai median line 
(6 04). In general, the plantar, doistim pedes, and tendon Achilles 
ttiseition areas manifest the greatest geneialization, while the toe 
areas have greatest specificity Among toe areas it is noticeable that 
the greatest specificity is found upon excitation of tlic hallux and 
least upon stimulation of T5 

Relative percentage of segmental paiticipation The relative 
percentage of participation m the response of the segments of tlie 
leg likewise is altered appreciably upon stimulation of diffcient areas 
(Table 5). Thus, of the gross effector segments of the leg, the toe 
accounts for 48 62% of all movements when T5 doistim is excited, 
while the value is only 20.52% when the leg mesial surface is stimu¬ 
lated. The range in foot participation is from 48.47% when the 
plantar laieial bolder is excited to 2646% when the leg mesial siit- 
face IS stimulated. In tlie leg the range is from ZZAlfo {leg mesial 
sin face) to 5 00% (T2 doisiim). In the thigh it is from 19.20% 
{leg mesial suiface) to 250% (T5 doisuni) 

The relative peicentage of participation of the different toes also 
varies with the area of stimulation (Tjdjle 6). Activity of the 
hallux IS gieatest (41 72%) to stimulation of the hallux plantai sui¬ 
face, least (16 29%) to stimuLitioii of pedes doisum. Activity in 
TZ langes from 25 00% {T2 dorsum) to 17.58% {hallux plantar 
suiface). Activity in T3 langes from 22 93% (7*5 dorsum) to 
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14 82% {hallux plantar surface). Paiticipation of T4 runs from 
2164% {T5 planlai sniface) to 14 48% {hallux plantm suiface) 
Activity in T5 is greatest (17 91%) to excitation of the plantai 
mesml border and least (1137%) to stimulation of the hallux 
plantQ} suiface 

Chaiacier or type of segmental patUcipation. The character 
of the movement, whether of flexion or extension, depends to a cer¬ 
tain extent upon the aiea which is stimulated (Table 8). When 
tendon Achilles tmcriton is stimulated, the values are 90 56% ex¬ 
tension and 9.43% flexion of the toes, wliile to stimulation of the 
hallux plantar surface the values arc 55 17% and 44 82% respec¬ 
tively. When T5 dorsum is stimulated, foot flexions amount to 
100%, while to stimulation of the leg fiiesral surface the values aie 
flexion 83,78%, extension 16 21%, When TS dorsnrii and T2 
plantar surface aie stimulated, the leg flexions constitute 100% of 
the limb movements, while to stimulation of the leg mesial surface 
leg flexions arc 86.27% Movements of the thigh aie piedominantly 
flexoi with the greatest amount of extension (16.66%) brought 
about by stimulation of pedes dorsum 
The character of the movement of the individual toes is likewise 
altered according to the aiea stimulated (Table 9). Hallux extent 
Sion is greatest (8661%) when the plantai lateral border is stimu¬ 
lated and least (63 63%) when the hallux plantar surface is ex¬ 
cited Similarly, the greatest amount of extension of tiic other toes, 
T2 (94 82%), T3 (92 98%), T4 (92.59%). and T5 (9000%), 
occurs to stimulation of tendon Achilles insertion while the least 
amount let-pectively, (5098%), (48 83%), (52 38%), and 

(42 42%) occurs to stimulation of the hallux plantar surface 
2 Segmental Pnrticrpatron in the Plantar Response 

Relative par ticipaiiori of homolateial limb segments If the 
toe segments are made equivalent with all the limb segments studied 
(namely, the thigh, leg, foot, and toe—‘treated in this work as 
though It were one segment—Table 5), in mathematical possibility 
of paiticipation, the last-mentioned segments participate about equally 
in the response, with the leg much less represented, and the tliigh still 
less This fact indicates that the activity tends to occur m those 
segments which lie nearest the source of stimulation This tendency 
is further emphasized by the relatively greater participation of leg 
and thigh segments following stimulation of the leg mesial surface 
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It would be interesting to find whcthci such altered segment par¬ 
ticipation also appears m the ciossed or contralateral response Such 
studies should throw consideiahle light upon the pcculiaiities of 
neural organization m man at different age pciiods 

Character ot type of paitiiipation of effectoi segment),. The 
limb segments diffci fiom one another in then chaiacteiistic move¬ 
ments (Table 8). In this study about two-thiids of the toe le- 
sponscs were found to consist of movements of extension (sometimes 
teiined “dorsiflexion”) and one-thnd of the movements were flexor 
in nature If an analysis accoiding to age peiiods weie made we 
should expect, upon the basis of Bcisot’s (5), Lantuejoul and Hait- 
iiiaiin’s (9) work, and that of others, that the piopoition of move¬ 
ments of flexion would piove to be gieatei the 3 '’ounger the infant 
The movements of the remaining limb segments aie oveiwhelm- 
ingly flexor in chaincter. Coupling this fact %vith that of iclative 
frequency of occunencc, it becomes appaicnt that the most invaiiable 
element of the plantar lesponsc at this age period is flexion of the 
foot Thus fiom another angle the similai conclusions of Pratt, 
Nelson, and Sun (14) are confiimed. 

Comparison of the participation of the vaiious toes demonstiates 
that the spread of individuation is fiom T5 with least to the hallu'e 
with most (Table 6) This is confirmed not only bv the compaia- 
tive frequency of active participation withm the total plantar re¬ 
sponse but also by the obvious fact that the hallux is much moie 
likely to be active alone (Babinski in naiiowest sense) m the re¬ 
sponse than IS the little toe. jAgaiii the icsponse tends to be more 
localized m the member stimulated when the halluy is excited than 
when the other toes are stimulated 

In general, the piopoition of movements of extension to move¬ 
ments of flexion IS about the same for the diftcienL toes, but there 
is a noticeable trend foi movements of extension to decrease from 
the hallux to T5 and, conveiscly, for the movements of flexion 
to increase. This may be interpieted as suppoitmg the view that 
in man the initial individuation of the toes is one of flexion and 
that fuither development tends to limit the icsponsc to hallii\ ex¬ 
tension According to Beisot's magnificent study (5), extension 
of all toes may precede individuated extension of the hallux and 
T2. Mixed types of lesponse, wth some toes extending and others 
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fle'^ing, aie lo be observed and will be tieatccl m a subsequent 
paper upon the effectoi segment paitenjs of the response. 

3 Is the Planta) Response a ^'Movement of Defense”'^ 
BahinskCs viietp}elation of the plantai lespouse The Ficnch 
neurologist, Babinski (2, 3), has classed the plantai response as 
a defense movement involving leticat oi withdiawal of the limb 
and its constituent segments fiom the source of stimulation. He 
even interpiets flc'cion of the toes in the adult also to be a move¬ 
ment of defense in the foim of a countci-attackSuch a teleo¬ 
logical conception must bieak down if it can be shown that wbetbet 
the losult IS movement awav fiom oi towards tiie souice of stimu¬ 
lation depends upon at least foui factois. (1) the aica stimulated, 
(2) the iiatuic of the stimulus, (3) the developmental stage of the 
organism, and (4) the pievious postuie of the member stimulated 
The influence of age and pathological fartois upon the char- 
actei of movement. Movement of tlic toes awny fiom the souice 
of excitation, wlicn the plantai median hue is stimulated, occuis in 
the adult pathological response (Babinski sign) and in the normal 
physiological toe extension of the suckling If this is a defense 
movement of “flight’' it is stiangc that the response during the fetal 
stage, at birth, and foi a peiiod of hours aftciwards should he 
predominately flexor m tj'pc In tcims of “withdrawal,” then, 
whether the leflcx is a movement of defense depends, in normal 
development, upon tiic particulai age of the individual The put- 
posivist, of course, will argue that movement towaids the souice 


’"Mats il est & rcmniquer qu’ik I’^tat pliysiologique chez I’liomme, I'cxci- 
(Qtion cic plante dii pied, qui provoque la flexion dcs ortcilSi determine 
du memc cotc la tiiple flexion du memlire infencui, ct il cn rcsiilte unc 
quadruple flexion Cette flexion dcs orteils ne scrait-clle pns nussi le 
tcniom d’une reaction anteslrale, ayant npparu toiitcfois & line pcriode 
dll d^Ycloppemcnt plus axanc6c que les reflexes de defense dont il a cte 
pr^eddemment question, pcriode ofi Ics orteth servaient de grifle? Cette 
reaction nvait aussi cn partie la protection pour but, mais c’ctait un inode 
de protection diffcient de telui qui est realise par ies reflexes de defense 
pnmitifs, il nc s’agit plus d’line fuite localisce, d’une retr-sitc en face d’line 
ofFensivc, ce moiivcment de griffe vis-Jk-vis d’une agression constilue line 
Contre-offensive, mode dc protection d’lm oidre plus eleve, on conqoit du 
reste fort bien qu'iin animal cherebant A sc defendre combine I'attaqiie 
avee la fuite. On saiMrait ainsi la quadruple flecion a l’6tat pbysiologiqiie 
In flexion de la cuisse, dc la jainbe et du pied ressortissant aux reflexes 
de defense pnmitifs, la flexion Jea orteils etant I'expression otavique d'un 
reflexe de prehension” (3, p 1709) 
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of Stimulation is also defensive in nature because it aims to ward 
oft the stimulating obiect In the case of toe movements it would 
be necessaiy to stiess that the defensive features consist m the 
intent rather tlian in the efficacy of the movement as fai as toe 
flexions are concerned! Adequate pushing away or removal of 
the stimulus source might be effected if there were to be vigorous 
extension of thigh, leg, and foot segments The tables presenting 
the results of this invebtigation show, however, that these segments 
usually flex and hence arc withcluwn fiom the souice of excitation. 

The area of siwiiilation and the charactei of movement Simi¬ 
larly disconcerting to the puiposivc conception is the change in the 
character of movements, whether away from or towards the stimu¬ 
lus, when the aiea of stimulation is varied Thus, to stimulation 
of pedes ilofstim median, instead of “withdiawal” movements of 
the member stimulated, i.e, extension, the response continues to be 
one of flexion wliicli, contrasted to plantar stimulation, now means 
movement towards instead of away from the stimulus. 

Similarly, stimulation of the toe dorsal aieas still releases ex¬ 
tension in the greater part of the cases (Table 9). Turning now 
to the plantar surfaces of the toes, it is apparent that extension 
(from this angle withdrawal from the stimulus) still piedommates 
although the relative number of movements of flexion in the toe 
stimulated increases as compared to stimulation of the other areas— 
and this means movement towards the stimulus It may well be 
that the conditions of stimulation here determine the chaiacter of 
the response. Carmichael (7) cites work of his own and of Richtei 
to the effect that intense stimuli result in withdrawal movements 
while weaker stimuli induce movements of approach. In this re¬ 
search punctifoim stimulation was not employed and the extent 
of the stroking contact stimulation was necessauly limited by the 
size of tlie parts stimulated 

The effect of repetition of the stimulus upon the charactei of 
movement The Shermans (16) and otheis have repoited that 
the character of the toe responses changes upon repetition of the 
stimulus If the first response of the toes consists of extension, 
repetition alters it to flexion. Here, obviously, the already-existing 
posture of the segments must be taken into account 

Although the legs are characteiistically flexed at knee and hip, 
the usual consequence of stimulation is still greater flexion of those 
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segments regardless ot the areas stimulated, Flexion, although re¬ 
duced in frequency, continues to dominate in the response to stimu- 
ktioii of the leg meml m}^ate, although it now means sustained 
contact rather chan lemoval from the stimulus Similar behavior 
to "cold” stimuUtion of the same area has been reported by Pratt, 
Nelson, and Sun (14), This is in marked cuntrast to the move¬ 
ments in tile Moro reflex wherein these segments first extend and 
then flex again 

The sUnclure of the orgafitsm and the (gpe of movement It 
IS evident that the teleological conception ot the plantar response 
cannot be maintained satisfactonly when the history, nature of the 
reflevogenous zone, and the conditions of stimulation are adequately 
investigated. It is also questionable whether a classification of 
movements in terms of withdrawal or approadi to stimuli has any 
value once it is shorn of teleological meaning and made purely de¬ 
scriptive. Appaicntly the type of movement is determined primarily 
by the nature of the structuics participating in the response This 
alone can explain behavior which, considered teleologically, would 
be inexplicably inconsistent. 

An examination of other alleged "defense movements” will prob¬ 
ably reveal nothing intrinsically purposive in their character, 

4, iSiimnieijy 

Bilateinl symvietiy of homolatetd patterns involved m stmii- 
laiioii of the pUiilai median areas In its most generalized phase 
the reflexogenous zone of the plantar response extends over the 
cutaneous area of the body. Witliin this larger aiea secondary 
zones of dilfeientiation occui and picsumably there is a bilaterally 
symmetiical distribution of these, Cei tainly the later trend toward 
resliicCion of the zone to the plantar areas, when stimuli of usual 
intensity are employed, is symmetrical, 

In tins reseaich the only cutaneous aiea stimulated m both of 
the inferior limbs was the plantar medm hue Since the study 
was limited to the liomolateral leactions nothing c.m be stated con¬ 
cerning the contialateral reactions. In the matter of sensitivity 
thcie IS piobablv no significant difference (e.g., Rt plant, med 
93.50%, left 945%) Neitliet does there appear to be any gieat 
difference m the degree of generalization of receptor-effector rela¬ 
tions as measuied by the setjmental movemenU per 7esponie {Rt. 
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plant med 6 04, left 5 83. See Table 3). The equalized major 
segmental participation (Table 5) also reveals no significant differ¬ 
ence, and the toe representation (Table 6) is approximately the 
same for both limbs Likewise the chaiacter of movements, whether 
extension or flexion, is practically the same (Tables 7, 8, and 9). 

It IS therefore apparent that in homolateral reactions there is 
bilateral equivalence of reactivity values and, therefore, within the 
limits of this study, the reaction pattern of the plantar response is 
S3'mmetric«il 

The piohlem of the eqtiivalente of the cout/alaieial patieius 
of behaviQ) Possibly one of t)ie most significant researches which 
could be made upon the plantar response would be tlie investiga¬ 
tion of all the movements of the organism, both homolateral and 
contralateral, to see whether the reaction spreads as easily and as 
completely from the right side to the left as fiom the left to the 
light and to note wliether the homologous movements have the 
same values regardless of the side stimulated. 

Bersot (5) again, using a purely observational technique, has 
sought to answer part of this problem. There is need, however, 
for a better means of recording movements It is the writer’s 
opinion tliat motion pictures should be made by means of the Yale 
photographic dome. The writer has experienced difficulty m bung¬ 
ing all of the infant within the field of view and at the same time 
obtaining sufficient detail. In adults, registintion of homolateral 
leg movements in response to plantar stimulation has been accom¬ 
plished through mechanical registration devices, but these are not 
suitable for the study of infant responses and furthei, they record 
too limited an amount of the response. 

The problem of asymmetrical tesponse patterns. With the 
perfection of an adequate tccliniquc it will be possible to follow 
any changes which may occur in the initially bilaterally symmetrical 
pattern. It will be possible to ti,ace the development of asymmetry 
and to learn something regarding the mechanisms underlying such 
behavior. 

The importance of such a series of studies is indicated by Stem- 
mann (17) who reports that in certain voluntary movements, such 
as in learning to write, there are at first pronounced involuntary 
movements involving most of the body with contra- as well as homo¬ 
lateral representation. These decrease with age, their inhibition 
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being at least jiaitially bound up with visual and postural factors 

Among the common reflexes manifesting bilateral icprescntation 
in.iv be mentioned the cochlear-palpebral and visuo-palpcbral re¬ 
flexes Controlled or voluntary asymmetrical winking is not ac¬ 
complished with equal ease on both sides. The ^loro reflex is a 
bilaterally symmetrical lesponse, asymmetry of the major segments 
being pathological The pupillary reflex is consensual. 

Sometimes the bilateral rcpiesentation comprises the correspond¬ 
ing segments but not the character of the movements. Thus in the 
limbs there may be flexion of one member with extension of the 
other The so-called “stepping movements,” photographed and 
studied by Peiper (11), are instances of this bilateral leciprocal 
TJic arm movements of tlie adult in Wrdkiiig manifest simil.u bi¬ 
lateral features. 

Conclusions 

A The Reflevoffenatis Zone 

I During the first two weeks of post-natal existence diffcren- 
tiation of secondary zones witliin the more gcnernl reflexogenous 
area of the plantar response is demonstiated bv diftcrential sensi¬ 
tivity, segmental spread, relative degree of segmental representa¬ 
tion, and the character of segmental movements. 

2. In general, the plantar areas are most sensitive, there being 
a decrease In sensitivity as the proximal areas of the limb are ap¬ 
proached. 

3. The greatest "specificity” of response, in the sense of local¬ 
ization or limitation of movement, appears upon stimulation of the 
hallux. 

4. The greatest “generalization” of response, in the sense of 
number of segments involved m active movement, is obseived upon 
stimulation of the plantar areas 

5. In general, toe areas show greater specificity than do otlier 
cutaneous areas of the lower limb, 

6 Specificity is greatest wlien tJie li.allux is excited and le.ast 
when T5 (little toe) is stimulated. 

7 The lelative participation of the gross segments of the limb 
in the response vanes according to the area of stimulation Tlie 
represent.ition of toe and foot segments is relatively less when the 
leg mesial surface is stimulated at the knee, while the leg and thigh 
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receive their greatest representation in connection with such stimu¬ 
lation 

8. The relative participation of the individual toes also is de¬ 
termined by tile aiea which is stimulated Thus activity is most 
frequent in the hallux upon stimulation of the hallux plantar iur- 
face, while all other toes manifest their minimum representation 
upon excitation of this area 

9 The chaiacter of segmental movernents is in part influenced 
by the paiticulai cutaneous area which is stimulated The ex¬ 
tension of tlie equalized toe segment shows highest frequency of 
occurrence when tendon Achilles insertion is stimulated, and least 
when the halluA plantm smface is excited The greatest frequency 
of extension of the foot occurs to stimulation of the leg mesial jur- 
face^ the least to excitation of T5 dorsum Leg extension occurs 
most fiequcntly upon stimulation of the T2 dorsum. Thigh ex¬ 
tension IS brought about most frequently by stimulation of pedes 
dot sum 

10. The character of response of the individual toes depends 
upon the area of stimulation. The greatest frequency of liallux 
extension occurs in connection with stimulation of the plantar lat~ 
eial boidei In all other toes extension has its greatest lepre- 
sentation when die tendon Achilles Inseriioa is stimulated. In all 
toes extension occurs least frequently to stimulation of the hallux 
plantar surface. 

B, Segmental Paiticipation tn the Plantai Response 

1. When tlie toc-segment lepiesentation is equalized, the toe 
and foot segments participate about equally while leg and thigh 
movements lag with slight frequency in the order named 

2 About two-thuds of the toe-segment responses are move¬ 
ments of extension and onc-thiid movements of flexion. The move¬ 
ments of the other limb segments aie predominantly movements of 
flexion. 

3 The high percentage of foot participation, coupled with its 
almost invaiiable flexoi character, makes flexion of the foot, latlier 
than toe and leg movements, the most invaiiable clement of the 
plantar response, 

4 The hallux shows gieatcst individuation of movement, and 
T5 least This means that as we proceed fiom the hallux to T5 
theie IS less likelihood that the individual toes will participate in 
the response. 
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5. In geneial, tlie peiccntige of cxtcnMon decreases as we move 
from the hallux to T5 and, conversely, that of flexion rises. 

G Mavements cf Defense and the Plantar Response 

1 If “withdrawal” is one of the principal characteristics of 
a movement of defense, then the toe movements of the plantai 
response arc “defensive” during the first 12-14 months and again 
in patliological cases, but they arc not “defensive" in the fetal 
stage, immediately after birth, and m the normal adult stage. 

2. Stimulation of the dorsal siu faces of foot and toes produces 
flexion of the foot and extension of the toes, movements not differ¬ 
ing appieciablv m character fiom those released by stimulation of 
plantar surfaces. Yet in the first instance the members move to¬ 
wards and in tlie second away from the stimulus 

3. Stimulation of the hallux plantai surface increases move¬ 
ments of flexion in that member, i.e, movements towaids the stim¬ 
ulus, 

4 When all aspects of the plantar response aic carefully scru¬ 
tinized, it becomes clear that the direction of movement of the 
region stimulated, witti rcfcicnce to the source of stimulation, pre¬ 
sents no selective features which warrant the designation of “defense 
reflex." 

5. Even a classification of the elements of the plantar response 
in teima of “appioach” or “withdrawal” can have little utility if 
the characteristics of the response depend upon the anatomical and 
mechanical features as well as upon the functional peculiaiities of 
the organism rather than upon teleological designs upon the stimu¬ 
lating object. 

D Syinnietjy 

1 Bilateral symmetry of the plantar median rcccptoi are.is in 
then reccptor-eftector connections is manifested by similarity in 
sensitivity, in gioss tlfcctor-scgmcnt particijiation, and in the i da¬ 
tive distribution of the type of movement (whether of (IcMon or of 
extension) of the segments of the inferior limbs 
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LA GENERALISATION ET LA SPECIFICITE DE LA REPONSE 
PLANT AIRE CHEZ LES NOUVEA U-NfiS LA ZONE REELEXOGfiNE. 
I LA SENSITIVrit DIFFERENTIELLE ET LA PARTICIPATION 
DES SEGMENTS-EFFECTEURS SELON L’AIRE DE STIMULATION 

(Resume) 

L'invcstigation c)c la zone i^flcxogcne de la rcponsc plantaire cliez 55 
noiivcnn-nis ages d’l h 21 jours indique I'existencc de zones sccondaircs 
dc dillerentiation dans I’aire rcllcxogcnc gendrale Cclles-ci sont montreca 
par !a senaitivite diffcreiitiellc, I’dtendue segmentaire, le degr6 rclatif de la 
lepresentation scgmcntnne, ct le caractcre des mouvemciUs segmentaircs 
consequents ft la stimulation de diycrses aircs ciitaiides dc In jambe 

En gdi)i!raJ, Ja sensitivjtd dccroit progrcssiveinent des surfaces plantaircs 
proximrilement Ic long dc la jnmbe 

La plus grande "spccificite” dc la rcponsc sc montre nvee la stimulation 
dc I’hallux, In plus giandc “gdndralisation” avee la stimulation dcs aires 
plantaire^ 

Les segments dcs ortetls ct dii pied ont la plus grande frequence dc 
participation il la rcponsc et ieur representation est environ la memc si 
ion tient comptc du fait qu’il y q cinq orteils pour tin segment dti pied. 

Appro\imati\'cmcnt les deux tiers des mouvcmeiits des orteils sent ties 
mouvements d'c'ctcnsion La flexion est la regie dans les mitres segments 

L'analyse du caractere dcs mouvements scgmcntaires par rapport aux 
aiics de stimulation et a d'autres (actcurs ne montre aucuns traits seUctlfs 
dans Ifl idponse lesquels mentcraient le terme “rdllexe dc defense*' 

Dans les limites etiidiees, la rcponsc plantaire, comme ordiimircment 
evoiiudc, est bilnteralement symmetriqiie a I’cgard dc la participation seg¬ 
mentaire homolnterale. 

Pratt 


VERBREITUNG UND SPEZIFIZITAET DES FUSSSOKLENREFLEXES 
BEI NEUGEBORENEN DIE REFLEXZONE I DIFFERENTIAL- 
EMPFINDLICHKEIT UND MOTORISCHES SEGMENT- 
TEILNAHME BEZUEGLICH DER ANREGUNGS- 
FLAECIIE 

(Rcfcrat) 

Die Untersucluing dcr teflcxcrzcngcndcn Zone dcs Fusssolilcnrellexes lici 
55 Neugeborenen (1-25 Tage alt) weist nuf das Besteben der Nebenzonen 
von Differenziertlieit innerhalb der allgemcincn rellexerzeugenclen Zone 
Diese werden diirch Differentialempfindlichkcit, Stgnicntausbrcitiing, rela* 
tjven Grad dcr Seginentteilnahme, und Charakter dcr begmentbewegungen, 
die auf Anregungcn verschicdcnei Ilaiitflaihen dcs Bcincs folgcn, dargelcgt 
Im allgemeinen nimmt die Empfindliclikeit von den Piisssohlenllachen in 
der Ricbtung dca Anheftepunktes des Beines fortsclireltcnd ab 
Die grosste ‘'Spezifizjtat*' des Reflexes erschemt nach Anregung der 
grossen Zeho, die grosste “Ausbrcitung" nach Anregung der Fiisssohlen- 
flnehen 

Die Zehen- und Fusssoblensegmcnle babei) die grosste Ilailfigkeit der 
Teilnahmc an dem Reflex, und diesc Teilnahmc geht ungefahr vor sich, 
nls wenn man sicb vorstelk, dass es fiinf Zeben zii eincm Fuss gibt, 
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Ungefain zwei Dnttcl dcr Zehenbcwegungcn sincl Aiisdehnungsbewe- 
gungen Biegung isC die Kegel bei den anderen Segmenten 
Die Analyse der Eigenart der Segmentbcwegungcn im Verhnltnis zii den 
Anregnngsflachen nnd zu anderen Paktoren entliiillt kcine auswahlendc 
Eigensciiaften im Renex, die die Bezeichnung “Verteidigungsreflcx” ges- 
tntten wilrdcn 

Innerhalb der Grcnzcii diesei Untersuchung !st das Fussohlenreflcx, wie 
ea gewohniich hervorgerufen wird, zweiseitig aymmetnsch in bezug auf 
einscitige Scgmentteilnahme 

Pratt 



VISUAL DISCRIMINATION IN THE CAT; I. THE 
CAPACITY OF THE CAT FOR VISUAL 
FIGURE DISCRIMINATION* 

From the Psycholoffical Laboratory of Bro<wn UntversUy 


Karl U Smith 


I Introduction 

Tlie experiments reported below are intended to contribute to 
the study of visual discrimination in vertebrates, with particular ref¬ 
erence to the ability of the cat to discriminate visual designs At 
the present time the nature and development of such discrimination 
in animals below man is not entirely understood, and, indeed, the 
capacity of these animals for response to various visual configura¬ 
tions has not been fully ascertained. Atxordingly, the aim of the 
present experiment lias been to secure information both as to the 
capacity of the cat for visual figure dibcnmination and as to the 
nature of the responses involved 

It seems important for clarity to separate the problem of whether 
the capacity for response determined by visual configurations is to 
be found in animals from the problem of how such responses, if 
found, are to be defined. The results of tlic present experiment 
are, accordingly, divided into two sections. In the present paper 
the question is raised as to whether or not the cat possesses the 
capacity for discrimination of visual figures, evidence of such dis¬ 
crimination being presumed when an animal responds differentially 
to two geometric stimuli in the absence of other sensory influences. 
In a succeeding paper the results of additional experiments, carried 
out to determine whether or not the cat’s discrimination of visual 
figures involves responses to the form of these objects, are pre¬ 
sented, their relation to current theories of form discrimination 
discussed, and conclusions stated. 

II Prior Investigations of Visual Figure Discrimination 
IN Animals* Results and Methods 

The investigation of the capacity of various animals for visual 
figure discrimination has involved important problems of method 

‘Accepted for publication by Leonard Carmichael of the Editorial Board 
and received m the Editorial OIRce, January 10, 1934 
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in animal psychology and may be best discussed from that point 
of view. Recent investigations, as a mattci of fact, have shown 
that results obtained aie a direct function of the methods used 
Three vaiiatioiis of technique, based upon the pimciple of learned 
reactions, have been employed 

1 The Clicice Method, Under this classification rcfeience will 
be made to vaiious experiments in which an animal is required to 
learn to respond differentially to two or mote visual stimuli which 
are directly associated with rewaid and punishment. Another sig¬ 
nificant aspect of this technique is the fact that the experimcntci 
may form an important pait of the visual situation Katz and 
Revesz (20) used a method of this sort m observing the reactions 
of the chick, which they found would respond to circles and tri¬ 
angles cut from giccn peas when the negative stimuli were covcied 
by a thin glass plate Porter (36) used a somewliat similai method 
with the sparrow and cowbird, and Rouse (39) also obtained equiv* 
ocnl responses in the pigeon by employing this method 
Sacket (40) used a variation of the choice method by having tlie 
porcupine crawl through figured holes cut in n board which was 
placed at the entrance into a den He found that the animal would 
discriminate under such conditions. McCnlhstei and Beiman (26) 
also have used a variation of the choice method in making observa¬ 
tions of the responses of a cat to visual figures. Circles and squares 
weie cut from liver sausage and placed on a board, the squares 
being treated with quinine m ordei to punish the animal foi re¬ 
sponding to them. The animal learned the discrimination m 510 
trials When another cxpeiimentcr took over the animal for fur¬ 
ther investigation, attempting to duplicate the metliod of Ii.indling 
previously employed in letuining the cat to a restraining cage, the 
responses fell to 47% of this prior accuiacy, thus indicating that 
the previous discrimination had been established on the basis of 
the experimenter’s presence and not with icfeience to the liver 
sausages employed to stimulate the animal. 

The choice method seems to have been used to paiticulai advan¬ 
tage in studies of mfinhuman primates. Kohts (54) studied the 
nature of the chimpanzee’s responses to geometiic foims by making 
it select ceitain ones which weie accompanied by food TelUci 
(44, 45) has employed a similai method in the observation of 
the reactions of a monkey (Macacuf smeciis) to caids beaiing 
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vibual figures, to solid geometric figures, to cards icprcbcnting solid 
figuies, find to cards bearing pictures of quadruped ,uid biped ani¬ 
mals, as well as pictures of animnls and vegetables. Incidentally, 
Tcllier (42, 43) has also studied the tactual responses of the same 
monkey to geometiic figures by lequiimg the animal to leacli into 
a sack containing a numbei of such objects. He b.is shown that 
the monkey will immediately react by touch to objects wliich were 
pieviously learned by visual-tactual stimulation and by visual stim¬ 
ulation alone 

2 The Method of Conditioned Response This method is by 
far the most elaboiatc and Infrequently used of those desciibcd in 
the present paper. Pavlov (35), Yerkes and Moiguhs (52), and 
Razraii and Waidcn (37) have rcpoitcd the work of others on 
conditioned differential responses in the dog to such configurations 
as circles and ellipses, a black lettei T and a hollow square of 
equal aica, and a circle and squaie of equal area. 

3, The Disaimmalion Method This method, as exemplified 
in the procedure desciibed by Yeikcs and Watson (53), is dis¬ 
tinguished from others by the fact that the positive and negative 
stimuli aie presented simultaneously to the animnl. Furthermore, 
the association between the leward and punishment in this case 
is not so diiect as m the case of the choice mctliods. The icward 
and punishment do not form part of the visual situation, while 
the animal's responses me lelativcly independent ot the experi¬ 
menter. 

The Yerkes-Watson box has been used by Bingham (2, 3), 
Johnson (17, 18), and Munn (31) m obscivations of the leactioiis 
of the duck In these investigations the chick was found to possess 
the visual capacity necessaiy foi the disci imiii.ition of two geo- 
itietiic figures Cobuin (4) has found that the ciow also dis¬ 
criminates simple gcoinetiic figuics under the contiolled conditions 
of the Yerkes-Watson pioccdurc. 

7fi geneial, paiadoxic.ii icMiIts have been obtained ivith the Yeikcs- 
Watson apparatus in the study of vaiious mammals Ycikcs (50), 
Waugh (48), Lashley (23), and Munn (28) found no evidence 
of disciimination of simple geometrical figuics in diheient lodcnts 
with the Yerkes-Watson box. L.xshley did secure disci imination of 
horizontal and vertical lines with one animal of a laige group He 
states (24) that since these c.iily cxpciiracnts six diftcient groups 
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of animaJs have been tested in various types of Yerkes-Watson boxes, 
every one of which gave paradoxical results Johnson (17), Wil¬ 
liams (49), and Munn (28) have studied different carnivora by 
means of the original discrimination method but they found no 
reason to believe that the animals discriminated under such con¬ 
trolled conditions Munn’s experiment was intended to test the 
validity of Cole’s experiment with the raccoon (5) m which posi¬ 
tive results were obtained by having the animal react to visual 
^gures presented above a screen. The Yerkes-Watson box has been 
used successfully, however, by Watson (47), Johnson (18), and 
Revesz (38) m the analysis of the monkey’s responses to various 
visual figures. 

The paradoxical results of experiments using the Yerkes-Watson 
technique have been interpreted by some investigators (17, 28, 48, 
49) as due to defective vision m the animals observed, and by others 
(6, 16, 46) to defects inherent in the method itself. Among others, 
the following criticisms of this technique have been made. (l) 
the situation is too complex; (2) the electrical grill docs not per¬ 
mit the animal to approach near enough to the stimuli for accurate 
vision; (3) the apparatus cannot be standardized for various ani¬ 
mals; (4) the discrimination distance cannot be sufficiently con¬ 
trolled; (5) the subject is required to make no relatively isolated 
response to the stimuli. 

Various modifications of the discrimination method have been 
proposed in view of eliminating one or another ot the above defects. 
Fields (6) required rats to walk through and in under luminous 
stimuli and found evidence of discrimination. Munn (28) dis¬ 
covered that Fields's apparatus did not present visual figuies of equal 
area to the rat and that when the figures were m.ide equal no 
differential responses were observed. Fields was able, nevertheless, 
to demonstrate visual figure discrimination in the white rat in later 
experiments (7, 8), using bis own apparatus, and also to compare 
the efficiency of visual figure discrimination m the white rat and 
raccoon (9). 

Lashley’s experiments (24) confirmed Fields’s findings that white 
rats discriminate visual figures. He used a novel apparatus of liis 
own invention in which animals were made to leap from a small 
jumpmg-platform against a screen containing the significant stimuli 
Bv this method the visual acuity of albino rats for hoiizontal and 
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vcitK.iil line^. was dctcnnineil to be in the ^cncial viunity of 1 
(Icfiice . 111(1 26 iiiiinitcs, that of pit^mcntcd animals appioxim.iLclv 
26-52 minutes (2'i) I'lic general sifjniliCiiiKC of the icsulth oh 
tamed bv haslilcy .incl ot tlie method cmploved has been confiimcil 
bv ceitain studies by Muiin (30), iMcKinncv (27), and Fields (10), 
while Hamilton .iiid (joldstcin (J3) have ihcd the niethcHl ki 
nicasiiiinp; llie visual acuity of the pijieon, which they find to be 
111 the iicii^liboiliood of 5 8 iniiiiitcs at H cm dist.mce. 

An .idditional coiuiollcd method foi the investigation of the visu.il 
lespoiises of mammals has been invented Iw IMiiiin (52) In this 
app.iiatiis the animal is made to push open doois containing; the 
positive and nc|fativc stiituih Wliilc and pigmented lats failed to 
Icain tile disciimiiuuioii of a si[u<ii(; and uicle witliin 250 tii.ils, 
although othci types of disciinunation wcie made Tmo clogs 
Jcfiined the discimiination of an upiight and uneitcd tuangle within 
900 tuals (19) Ncet (34) established disciimination of tw’o 
simple gcometiic (iguies in the monlcev bv iisinp; this method 

Kliivci (22) has devised a novel vaiiation of tlie (lisLiimination 
method by having monkeys diag in, bv means of stimgs, boxes 
which hcai the signiflc.int stinuili This iiietliod is chaiacteuyul 
as the ‘'ptillmg-m” icchniquc, being a vaiiation of the stimg-pull- 
imi oxpennient dcsciibed b\ Hobhouse (14, pp 225-229) and used 
by Adams (1) and othcis wnth cats. Khnct studied the monkey's 
1 espouses to ch.inges involving difteient visual hgiiies. in connection 
with the “laiige of eciuivalence” for a icsponse to two figuics dif- 
fciing m sue He also tlcteiinmcd the visual acuity of the monkey 
by <1 v.Timtiofi of the s<iine method 'I'lic luetliod used b] Klui’ei 
IS piactically unliinilcd m its application foi the study of discrim¬ 
ination in the vauous leccptoi fields of diffeient niamin.ds 

Crellcimann (11) lias emploi’cd a modihcation of the disciimma- 
tion method foi the observation of the chimpan/ee’s and child'v 
icspoiises to visual figuies lie icquiied his subjects to open a. liox 
11)1011 w’huh a positive stimulus w.is displayed Cliildien leatnod 
the disciimiii.ation of .t ciicle and .i sciu.uc in imich le^ time tli.in 
did cliimpiin/ees. jMunii and Stiening (32) have also described .in 
apji.uatus foi obseiving tlic cliild’s icsponscs to Msual figuics of 
v.uious soits 

A cIcMcc foi the studv of visual lesponscs of higliei mammals 
has been dcsciibed b\ the picsent wiitci (41) 1 he animal mciel\' 
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dcpicsbcs fi level below a clooi upon which the positive stimulus h 
displayed This method is applied in the piesent expeiimeiits to 
fuiiiisli ncetled infoimation as to the visual capacities of the cat 

III Apparatus and Proci<durl 

The appai.itus used in tlic piesent c\pciinicnt can he utuleistood 
by icfcicnce to Fi|»iue I The mechanical details of llic device 
have .ilicady been desenhed (41) Howevei, fuithei desciiption of 
ceitain fe.Uuies is necessaiy in oidei to aid in cUiity of exposition 
Tlic appaiatus consists of a box whose fumt panel contains two 
apeituies. Two doois .iie so mounted ovci these apcitines that 



FIGURE 1 

1 nr Arranclment of tiii Apparatus uuring im. Main Expiriminis 
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they swing inward by means of spnngs attached to their tear sides, 
and are fitted along their front sides with grooves into winch caicis 
bearing various visual stimuli may be Inscitcd. The giooves open 
at the top, so that the stimulus caids> may be quickly inserted and 
removed The doors arc held tightly closed by small spring latches 
to which arc attached two biass levers that extend outward fioin 
the box and terminate in circular brass plates of a size ample to 
accommodate tlie paw of the animal. The levers are held in place 
by pinions at the rear of the interior of the box and emerge fiom 
two small openings directly below the larger apertures The sub¬ 
ject responds to the stimuli by depicssing the levers, tlicicliy open¬ 
ing one of the doois. A sliding master latch is mounted on tile 
inside of the fiont panel and determines the door which may be 
opened by the subject. 

Inside the box, diiectly below the doois, is a sliclf for food 
containers. The shelf is so constiuctcd that the doors may swing 
inwaid without coming into contact with the shelf or witii the 
shallow food containers placed upon it Wlicn either door is open 
the animal may thrust its head inside the apparatus and obtain 
food, althougJi the lemaining interior parts of tlie apparatus are 
hidden from its view by a partition at the back of the shelf. The 
subject m.iy be punished by an electrioil stimulus device, which 
was constructed from recommendations given by Howells (15) and 
modified to suit this apparatus. 

The box is placed along one of the side walls of the experi¬ 
mental room and is illuminated by flood lights from the opposite 
wall Two large aluminum reflectors, containing 200-watt bulbs, 
are employed These lights arc mounted approximately 8 ft. from 
the front of the discrimination apparatus, and 4 to 6 ft from the 
llooi, being separated from each other by at least 20 ms. The 
liglits <ue so arianged as to give uniformity of briglitness at tlie 
front of the disciimination box 

A restraining c.ige for the subject, 2 ft. by 2 ft by 2^ ft, is 
placed 8 ft in front of the disciiniination appaiatus. The front 
of the cage is fitted with giooves wlucli contain a sliding door ex¬ 
tending 6 ms above the top of the box. There aie no ciacks in 
the door oi between the grooves and the edge of the door through 
which the subject can observe movement at the fiont of the cage. 
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although ventilating cracks arc aiianged at die top The dooi is 
controlled by means of a string led through a senes of pulleys to 
the outside of the experimental luom 
The cat is first trained to obtain food meiely by depicssmg the 
levers and thus opening the doors. Training with visual stimuli is 
then begun In the couise of the tiaining the animal leains, when 
released fiom the lestraining cage, to appioach and press the levels 
with lefeiencc to stimuli displayed on the doois If, in any tiial, 
the level pressed is “conect” foi that trial, the dooi opens and 
the animal thrusts its head inside and obtains food If the lever 
piessed is inconect foi that tnal, the animal icccives a blight shock 
from the ciicular brass plate, when the elcctiical punishment device 
IS being used, or is otheiwisc mcielv punished by failuic of the 
door to open. Aftei it has obtained the food cither by going to 
the door containing the positive stimulus or by being punished and 
then going to the door beaiing the positive stimulus, it is icturned 
to the rcstiaining cage and the pioccduic repeated. Food is sup¬ 
plied in the glass containers located on the shelf behind both doois, 
During expeiimentation the animal is alone in the room with 
the apparatus, obscivations of its behavior being made fiom an 
adjoining room thiough a small opening cut m the door The 
experimenter’s observations aie sometimes further supplemented by 
motion-pictuie records taken both during and aftei training to the 
visual Rgmes, 

Seven cats of unknown age and pedigiec were used in the ex¬ 
periment. During experimentation they wcic segregated and kept 
on a strict diet of milk and commcicial cat-food.^ Each subject 
received of ^ of whole milk and between 1/3 and^ of a 
pound of cat-food daily. The milk was given early in the morn¬ 
ing, the cat-food after completion of the tiaining or test tiials in 
the evening. 

The cat-food, rolled into small pellets about the diametei of 
a ten-cent piece, was also employed as an incentive It was found 
to be more satisfactory for this purpose than eithei fish oi livei, 
since by dividing it into very small pieces 40 to 50 trials could be 
given in a single evening if necessary 

After three days of the diet described above each cat was accus¬ 
tomed to the general experimental situation by being placed in the 

^“Kit-E-Ration," Chappell Bros, Rockfoicl, III 
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restraining cage and allowed to piocced to the open doois of the 
apparatus and obtain food placed in the glass containers Tiain- 
ing to depress the levers was begun after 20 tuals of such pioccdure 
The animal was held near one of the leveis m fiont of a closed 
door and its forepaw placed on the lever, causing tlie levei to be 
depiessed, and the door to be opened. The pjocedure was re¬ 
peated with the othei level, and continued alternately between the 
two levels until the subject leaincd to pioceed from the lestuimng 
cage and operate the level itself. On the average, appioximately 
60 trials weie required to establish the habit. 

When llie habit of depicssing the Icvcis was thoroughly mas¬ 
tered the animals were trained to respond positively to tiianglcs 
and negatively to aides exhibited on caids placed as pieviously 
described on the fronts of the doors. In all of the experiments 
heie repoited, a tnangle was employed as a positive oi "coriect” 
stimulus, a ciicle as a negative oi “incoircci” stimulus The two 
figures of each stimulus pan were equal in aiea in every case and 
weie exhibited on caids made fiom a sinootli giade of stift draw¬ 
ing paper. 

Each individual animal was given a sciies of 20 trials a dav, 
the experiments being earned on between 7 00 and 11 00 o’clock 
in the evening The subject was taken from the living^quarters, 
carried to the experiment.il lOom, and placed in the rcstiaiiimg 
cage The time taken by the cat to open the door bcaiing the 
triangle, as well as its behavior in appioachmg and depressing the 
levers, w.as recoided. An eiroi w.is counted if the animal toudied 
the level coiiespondmg to the negative stimulus. 

"Wlien a discnmination had been made and tlie food eaten, the 
experimenter entered the loom and rctuincd the cat to the icstiain- 
ing cage. The top of the discrimination apparatus was then opened 
and frcsli pellets of food placed in the glass containeis bcliiiid the 
doois The food was handled with n pair of small twcezcis, in 
order to make suie that no odors would attach to the stimulus 
cards. If an alternation m the position of the stimuli was icquircd 
in the next tiial, the appropiiate change was made by removing 
the exposed caids and inserting others in their places Txvo diffci- 
ent sets of cards, a positive and a negative stimulus foi each door, 
were employed throughout the cxpeiiment When an alternation 
m the posjtjou of the stimuli was made, the two exposed cards 11010 
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removed and two otlieis inserted in their places After the alter¬ 
nation in the stimulus cards, the master latch was thrown so as to 
lock tlie door bearing the negative stimulus, ant) the electrical cncuit 
giving the punishment changed to the lever coiesponding to this door 
During all of these opeiations, the experimcntci stood m front of 
the discrimination apparatus, making as little noise as possible in 
opening and closing the doors of the box. He left the room always 
in the same diiection. 

The ordei of altei nation of the stimuli between the right and 
left sides of the discrimination appaiatus was arranged with lefer- 
cnce to a chance piocediiie. A first scries of alternation was cal¬ 
culated in which theie was a possibility of 10 rights and 10 lefts 
This gave an arrangement foi 20 trials, which was then reversed 
in foui diffcient ways, giving patteins of alternation similar to those 
suggested by Gellermann (12). After four 20-tnal senes the four 
difteicnt patteins of altcination were repeated in different order. 

When an animal had learned to depress the lever coiiesponding 
to the triangle in 18 out of 20 trials, that is, maintain a level of 
90% discrimination in a set of 20 trials, check experiments were 
introduced to ascertain whether the responses were actually deter¬ 
mined by tile visual figuies oi whether extraneous cues functioned 
m determining the selection These tests weie concerned with the 
problem as to whether the cat possesses the capacity foi the dis¬ 
crimination of two different visual figuies. 

IV. Results 

The subjects were divided into two gioups for investigation 
For a first group of three subjects, punishment was employed dui- 
ing the training and discontinued aftci discrimination had been 
established It was introduced aioimd the 200th trial for all these 
subjects The intensity of the punishment was adjusted at the 
beginning to give a reading of 0 3 milliampcics on the galvanometer 
and was thereafter laised gradually to as high as 1 milJiampeie m 
accordance with its effect upon the behavioi of the animal These 
limits correspond to points of impeiceptibility and easy tolciation 
for a human observei 

The figures employed in these experiments weie an equilateial 
tiiangle, 4 ms. on a side, and a circle, both 6 96 sq ms. in aiea. 
For the first animal white figuies were exposed on black cards cliii' 
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ing the training, while with the second and third animals black 
figures were exposed on white cards The difference in the front 
of the discrimination box for these three animals can be understood 
by reference to Figure 2 



FIGURE 2 

Thc Original Training Stimuli 

The top drawing shows the stimuh used for Subject 1, the bottom, those 
used for Subjects 2 and 3 

For the second group of animals (subjects 4, 5, 6, and 7) no 
electrical punishment was employed. The stimuli used for these 
animals were the same as those employed for subject 1 in the first 
group (see Figure 2). The experimental set-up for this group 
of subjects was otherwise the same as that employed with the first 
three subjects. 

The number of trials required by each subject to learn the ori¬ 
ginal discrimination, together with percentage of correct responses 
throughout the training senes, are represented in Table 1. The 
criterion of learning for these experiments was 90% correct choices 
of the triangle in a set of 40 trials. The first animal, trained to 
white forms on black cards, with food reward and electrical pun¬ 
ishment, required 440 trials to reach the criterion of learning The 
second and third subjects weie trained to respond to black forms 
on white cards and required 320 and 920 trials respectively to reach 
a level of 90% discrimination of the figures in 40 trials Evidence 
was obtained that the electrical punishment interfered witli the 
learning in the case of the third subject When the punishment 
was discontinued at the 800th trial, correct responses to the stimuli 
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were secured ‘witliin 120 trials No facts wcie brought out as 
to diffeienccs in difficulty of the two visual configuiations 
The second group of subjects, which were tiamed to black forms 
on white cards, leqiiired 360, 240, 480, and 400 trials lespectivelv 
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the animal, fiom the iDoment of icleasc to tlw moment of its ob¬ 
taining food, was alone in tlie experimental room, and itself pei- 
foimed the necessary manipulation of the apparatus. Clues could 
not have been obtained from the manner of release from the le- 
straining cage because the cage was contiolled from the outside of 
the room and the sliding door of the cage was always raised to 
the same height and so held until the animal had completed its 
lesponse by inserting its head within the doore of the discrimination 
apparatus. 

The influence of olfactory clues was controlled by utilizing two 
different sets of stimulus caids, a cucle and a triangle foi each 
door, and alternating the positions of the stimuli independently of 
other parts of tlie apparatus Fresh cards were eteJianged for used 
ones at frequent intervals Odors fioin the food wcie controlled 
by always placing fresh pellets in the glass containers behind both 
doors before each response 

The subjects could not lespond to tactual clues and still dis¬ 
ci inainatc In making a discrimination the cat touched only the 
levers of the apparatus, and if it touched the lever corresponding 
Co the negative stimulus an crior was recorded Diffeiential clues 
from the electric shock, whicli might have pcimitted the animal to 
receive clues fiom the leveis without touching them, were con¬ 
trolled by eliminating the shock after the ciiterion of learning h.id 
been fulfilled 

The influence of vaiious miscellaneous factors, whicli miglit have 
served as differential clues, Was investigated by means of check 
experiments, each consisting of 20 tiials, which were introduced 
wlicn the subjects had met the criteiion of learning. These ex¬ 
periments deal with: (1) the method of handling the animal when 
retuining it to the lestraimng cage; (2) postuial clues deiived fiom 
auditoiv influences due. to opening and closing the doors of the 
appaiatus, (3) the oidci employed in tlie altcination senes, (4) 
visual clues due to differences—too slight to be perceived by the 
expciimentci—in the brightness values of the fiont of the dibcum- 
ination box, (5) the mtioduction of white caids 

In order to test the influences of the method of handling the 
animal, a new experimenter took over tlie subjects foi a senes of 
20 trials with no infoimation as to the pievious mannci of retain¬ 
ing the animal to the restiaining cage Postuial clues were tested 
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by closing the doors of the discrimination apparatus in random 
order instead of that followed during the training series and by 
turning the subject around in the restraining cage after the ap¬ 
paratus had been arranged for the next trial Tlie influence of 
the alternation order was investigated by introducing series involv¬ 
ing single, double, triple, and quadruple alternation, instead of the 
arrangements previously used. The influence of varying brightness 
values was investigated by raising and lowering the illumination 
of the experimental room and by moving the lights from their 
usual position. White cards were introduced into the doors of the 
discrimination apparatus as the fifth test The results of these 
separate experiments are summarized in Table 2, which shows the 

TABLE 2 


Percentage of Correct Choices in Tests for Extraneous Clues 


Factor 

tested 

1 

2 

3 

SubjeOtB 

4 

5 

6 

7 

1 New experi¬ 
menter 

90 

95 

85 

lOO 

95 

95 

95 

2 Postural 
clues 

100 

95 

90 

100 

100 

100 

100 

3 Alternation 
senes 

90 

85 

90 

lOO 

100 

100 

100 

4, Changed 

brightness 

95 

85 

90 

100 

100 

100 

100 

5 White cards 

40 

50 

40 

45 

40 

40 

45 

Trial inclusive 
of tests 

540 

1020 

420 

460 

340 

580 

500 


percentage of correct responses for each subject during the separate 
tests, as well as the point m the trial series when the tests were 
made. The character of the tests is indicated m each case. 

It is evident from the table that the sub 3 ects were not signifi¬ 
cantly affected by the variations intended to determine the influences 
of extraneous clues. In isolated instances only did the number 
of correct responses drop below 90%, and it was never below 
85% Further evidence indicating that the subjects received no 
differential extraneous clues from the experimental situation was 
furnished by the introduction of blank cards. The fact that the 
failure to discriminate was complete in this test indicated that no 
extraneous clues functioned m determining the discrimination and 
that the visual figures were required for a differential response. 
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As a result of these tests, the positive evidence on visual figure tlis- 
cnmiiiation in the cat was considered to be complete. 

V Summary and Conclusions 

Seven cats weie trained and tested under controlled conditions 
in the discrimination of g^ometiic figures in an attempt to answer 
the question as to whether these animals could respond to two 
difterent visual configurations. Of seven subjects used all learned 
the discrimination of a configuration consisting of a triangle .uiii 
a cncle of equal area Two animals learned the discrimination 
when Mack figures were exposed on white cards, five discriminated 
when white figures were exposed on black cards. In both cases 
the cards were exhibited against the black panel of tlie front of 
the discrimination bov 

A median number of 400 tnals was nccessaiy bcfoic tlic seven 
subjects fulfilled a learning ciitenon of 90% discrimination of the 
figuies in 40 trials The required lesponses were obtained both 
with and without electrical punishment as a condition of learning 
Three subjects were trained with electrical punisluncnt, four with¬ 
out. One subject of the former group showed no progress in 
learning so long as the punishment for incorrect i espouses was used, 
but when it was discontinued the criterion of learning was fulfilled 
m 120 trials. 

The apparatus employed controlled the common souices of erroi 
in experiments dealing with visual discrimination. The effects of 
extraneous clues in the method of handling the tinimal, the oider 
of altei nation, the manner of opening and closing the doors of the 
disciiminatioii apparatus, and the brightness values of tlie fiont of 
tlie discrimination appaiatiis weic found to be negligible in a seues 
of checlr experiments. Also, when blank caids were introduced, 
the ilisciiminative icsponses failed to appear The discrimination 
was therefore taken to be a function of the stimuli employed in 
the tiainmg 

In general, the data heic secured agiee with the results of othci 
controlled experiments on the visual capacity of iiifrapnmate ani¬ 
mals Lashley (25) has shown that a circle and triangle offer a 
difficult discnmmation for pigmented rats when the juinping-metliod 
IS used Fields (10) has found by Lashley's method that the aver¬ 
age accuracy of white rats in disciiminating a circle and triangle 
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was 86.4% at the 650th tiial The results on visual figuie dis¬ 
crimination in the cat also compare favorably witli those obtained 
by Karn and Munn (19) for the dog They found that two dogs 
would disciiminate consistently an upiight and inverted tiiangle 
within 900 trials These compniisons arc cited to attest the value 
of the cat as a subject for psychological investigation as well as the 
present method of e;iploratJon devised for such study. 

Munn (32), in discussing the aspects of method which appai- 
ently account foi the conflicting lesults on discrimination of visual 
figures by different animals secured by the Yerkes-Watson tech¬ 
nique, as compared to the results obtained with his own and Lash- 
Icy’s method, discounts the significance of delayed feeding, while 
attiibutmg the difteience in results to the dilfeicnt methods of 
punishment employed Although the icsults obtained heie do not 
pejrait the factor of proximity between stimuli and rcwaid to be 
overlooked as an important influence in determining discrimination, 
the conclusion of Munn as to the significance of differences in 
punishment is emphasized. By the present metliod the animal was 
shocked simultaneously or shoitly after the response to the stimuli 
had been made, and undci these conditions the punishment definitely 
interfered with the progress of learning m one animal and did not 
facilitate that of others. An additional factor, wlucli has not been 
taken into account by Munn, concerns the lelative importance of 
requiring an isolated response on the part of the animal No such 
response is required in any of the maze-type discrimination boxes, 
whereas in the present experiments, as well as m those reported 
by Lashley and Munn, the animal is required to pause to make a 
definite response in the direction of the positive or negative stimulus. 

The investigation of ccitain aspects of the cat’s visual responses 
to the figures employed in these cxpeiimcnts has already been car¬ 
ried out The results of this study and conclusions concerning their 
significance are presented in a subsequent paper dealing with the 
problem of form discrimination m the cat. 
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LA DISCRIMINATION VISUELLE CHEZ LE CHAT I LA CAPA¬ 
CITY DU CHAT POUR LA DISCRIMINATION VISUELLE 
DES FIGURES 

(R6suni6) 

Dans un appareil construit pour permettre I’obscrvation contrdlSc des 
rdponscs du cliac aux stimuli visuels on a entratne les .'inimaux d rdpondro 
positivcment d un tiiangle ct ndgativement d un ccrclc ciu moycn de d6> 
primer un petit levicr irnmediatement sous une porte sur laquelle on a 
montre le stimulus posuif De la nouiriturc plncec sur une planchette 
dcrri6ie la porte a etd obtenuc quand Ics reponsea ont etc correctea D’entre 
sept sujets employes tous ont nppns d discnnuncr cntic un triangle cl un 
cercle de memo airc On s^est servt de Hguies noires sur des cartes 
blanches dans I'entraincmcnt de deux de ccs aninaoux et de figures blanches 
expos^es sur des cartes nones dans I'entrafnemctit de cinq Lcs cxpilricncca 
de ccntrole ont montic que la inUthode dc manier I’animal ct les stimuli 
exteiicurs possibles n’ont pas influc aur la diacnmination Comme coii- 
tidle siippl^mcntnire, on a constate que lcs riponses discnminativcs ne sc 
sont pas inontrees du lout quand on a present^ des cartes completcment 
blandics au lieu des figures 

Les resuUnts d^iiniment verifies obtenua dans cette experience sont com¬ 
pares h cciix obtenus sur la discriminabon visncllc des figures chcz d'autrea 
animnux On cst en train dc faire une analyse expfirimentale deg facteurs 
signifiants trouves dans la rjponsc du chat aux cerclcs, aut triangles, et 
h de semblables configurations visuellcs 


Smith 
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OPTISCHE UNTERSCHEIDUNG BEI DER KATZE I DIE FAEHIG- 
KEIT DER KATZE ZUR OPTISCHEN PIGURENUNTERSCHEIDUNG 

(Refcrat) 

In einem Appaiat, der ziu konhollicrlen Beobachtiing der Vcrhaltungs- 
weisen der Katze bei optischen Reizen crbnut wurde, warden Tiere dres¬ 
sier!, positiv nnf ein Drcieck iind negativ auf einen Kreis (lurch Nieder- 
dnickung emes kleinen Hebeis dirckt unter einer Tur, an der der positive 
Reiz gc?cig(: wurde, zu reagieren Die Naliriing auf emem Regal hmter 
der Tur wurde von den Tieren erreichr, wenn die Antwortcn nchtig waren. 
Von sieben Tieren lernten alle ein Drcieck von emem Krcis von demsclben 
Flacheninhalt untcrscheidcn Zwei von dicsen Tieren warden mit schwar- 
zen Figiiren auf wcissen Karten unJ fiinf nut weusen Figiiren auf 
schwarzen Karten dressiert Kontrollexpcnmente zeigten, dnss die Be- 
handlung dea 'Iicres und molgiclie aus<iere Rcizc keinen EinHiisa auf die 
Untcrschcidung batten Durch eine weitere Kontrolle wurde festgestdlt, 
dass, wenn blnnke Karten stau Figuren vorgelcgt warden, die Unter- 
scheidung auablieb 

Die nachgepruften Ergebnlsse dieses Etperiments werden mit denen von 
optischer FigurenuntcrachcidunB bei anderen Tieren vcrglichen Erne ex- 
perimentelle Analyse der bedeutenden Faktoren, die m den Antworten der 
Katze auf Kreiae, Dieiecke, und nhniiciie optische Gestalten voikommen, 
wird dann gemacht 

Smith 



THE PERCEPTION OP CHILDREN A GENETIC 
STUDY EMPLOYING THE CRITICAL CHOICE 
DELAYED REACTION^i 

Fiom (he Inslifufe of Human Relattons of Ytile U/iiversily 


Neal E. Miller 


I Introduction 

The question, wlut is the stimulus, is ciucml to the picdiction of 
icsponses ranying nil the \v.i 5 ' from the conditioned reflex to insight. 
Wntson (14) found that a child’s conditioned fear of a rabbit spread 
to whiskcis, muffs, and many other objects, but the conditioning of 
eating lesponses to the labbit removed all these fears (5). It Is cer¬ 
tainly difficult to define the stimulus that was being conditioned here 
Ill psychophysics the stimuli are already put into a fairly serviceable 
form by physics. In most other fields the definition of the stimuli is 
almost exclusively a psychological problem. Whether or not an or¬ 
ganism will respond to two social situations as similar or dissimilar 
IS a query whose answer will not be found m the average engineer¬ 
ing handbook It has long been known that melodies can be recog¬ 
nized though transposed, that objects learned at one distance or 
angle arc often recognized at another though the individual receptors 
and even the spatial pattern of receptors stimulated may be different 
But once we admit, as we must in the face of these and a host of 

'Recommencied by Walter Miles, accepted for publication by Carl Mur- 
clitson of the Editorial Doard, and received in the Bdiconal Oflicc, Novem¬ 
ber 14. 1933. 

'The larger part of this work was done as an M A Thesis at Stanford 
University during the winter and spring quarters of 1932. Acknowledg¬ 
ments are hereby made to Dr Maud A Merrill, Associate Professor of 
Psychology, Stanford University, for her guidance and assistance, to Dr 
Harold E Jones, Professor of Psychology and Director of the Institute of 
Child Welfare at the University of California, for the invitation to use the 
facilities of the Institute in carrying out a part of this study; to Mrs Oscar 
A Anderson for the use of the facilities of her Palo Alto Nursery School, 
to Dr Helen Thompson, Research Associate In the Clinic of Child Develop¬ 
ment, Vale University, for assistance la securing subjects; and to Dr 
Walter R Miles, Professor of Psychology, Institute of Human Relations, 
Yale University, for criticizing the manuscript 
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Other facts, that the strmulus is not completely simple, we are m a 
dilemma. The stimulus-response formula becomes inadequate to the 
extent that the stimulus remains inexactly defined. The state of 
affairs is made worse if we say that the whole situation is the stimu¬ 
lus, because whole situations ncvei exactly repeat themselves. The 
ambiguity of the eftective stimulus becomes especially tioublesome 
in the lealms of transfer of tiaining and insight. The ciucial point 
about experiments in these realms is that the animal is supposed to be 
responding to a new or different situation and a precise definition of 
the effective stimuli m two contiastcd situations is necessary if wc 
are to know In wliat respects, if any, a psychological difterence actual¬ 
ly exists. 

Since the problem of studying the factois which govern the nar¬ 
rowing of the infinity of possible stimuli gioupings down to certain 
functional units is complex, it appears highly advisable to use the 
advantages of a genetic approach covering as much as possible of 
the developmental range. The undeveloped organism in some re¬ 
spects IS simpler than the fully developed one so that the opeiation 
of one function can be observed in relative isolation from other 
functions which have not yet appeared. Many of the functions 
are more unified at first so that certain relationships can be under¬ 
stood better by watching the early stages of differentiation On the 
other hand, some of the advanced levels of development have their 
functions well specialized so that different aspects of them stand out 
more clearly and may the more easily be obscived Thus each level 
has something to contribute towaid the end of stimulus definition. 
Furthermore, a study of developmental sequences can be made and 
is desirable because when dilfeient functions always appear in the 
same sequence some mechanism in common is indicated 

In addition to the light thrown upon geneial theoretical problems, 
there is a certain practical reason foi making a corapaiative study 
of all developmental levels Rats seem equal to humans in maze 
learning (3), but are obviously infenoi at calculus Infants give 
a more violent negative response to lemonade than to quinine, while 
the reverse is true for adults (10). These and other facts seem to 
indicate that the changes taking place duimg development me not 
only quantitative but also qualitative Fiom the point of view of the 
selection of the most efficient time and means for any given type of 
training, a knowledge of these qualitative changes is necessary 
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II The Problem 

Tlic purposes of this study were (1) to devise a technique for 
isolating qualitative diffcicnccs iii perception of children which is 
applicable over a wide age range, especially to very young children, 
and (2) to test this technique by making an exploratory, genetic 
study of some of the more fundamental aspects of perception, 

Sample of Ptevious Studies Usnadze (13) studied tlie group¬ 
ing of objects by children three to eight years of age. The objects 
consisted of figures cut out of cardboard and differing in coloi, 
size, foim, markings, and position. Younger children grouped the 
figures according to the spatial relations of subject and material. 
Older children grouped the material accoulmg to its chaiactcnstics: 
coloi, form, size, markings, this seeming to be the order of case. 

Tobie (12) required 1000 preschool cluldren to choose from an 
array of diffcicnt forms, each of which appeared in several colors, 
those wliicli weie like the form of a specific color. Up to 3 yrs. 
8 mos, the relative obtrusivencss of the color or form determined 
which was selected From 3 yrs 8 mos. to 5 yrs 1 mo , the chil¬ 
dren tended to lespond to color. With 5 yis 2 mos, the ability 
to respond selectively to either form or color began to appear. The 
chief drawback to tlic technique used in this study is that the 
younger children do not understand the directions and exhibit so 
much random behavior that it is difficult to interpret their responses. 

Riekcl (11) gave children sweet chocolate on a medium gray 
plate and very bittei chocolate on a dark gray plate, The 2-4-ycar- 
old children took 60-75 trials to learn to choose the chocolate on 
the medium gray plate. The 4-6-ycai-olds took 20-30 trials When 
medium and light gicy plates were substituted, 42 out of the 60 
children 2-6 years old chose the light gray plate That is, 70% 
(S.E±6%)^ of the children chose on a relative basis. 

Luna (9) gave chihlrcn candy for picking up any cube out of 
a square of 16 cubes and a 17th placed outside. The 1 j4-2-ycar-old 
children picked at random The 2^'3-ycai-old childien invaiiably 
chose the outside cubes Told to count the cubes m a cross made 
up of 11 cubes., the 2-3-\ear-olds counted at random, the 4-5-year- 
olds counted one array and then the other, but 62 5% of them counted 

"The standard error of the percentage This was calculated from Edger- 
ton’s table (2) 
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the middle cube twice as opposed to 6.2% of the 8-9-year-olds 
Chddicn 4-6 years of age were lequiied to divide a number of 
cubes among themselves Tlnee stages of behavior we:e noted. 
(a) no effort at planful or equal distiibutioii, (i) figuies made up 
of the cubes and each child given a figuie, (c) shaies equalized by 
anaiiging in columns and seeing that columns weie equal 

All of these experiments suggest that a complicated series of 
qualitative changes is taking place m the peiceptive processes of 
the child. To study these changes, a technique is needed which 
can be applied without too much modification to a large number 
of vciy diftercnt situations so that the results from them can more 
easily be compaiecl In older to be adapted to very young chil¬ 
dren, such a technique should not lequire vcibal instruction or mo¬ 
tivation. 

Tecliutque. The technique thought most likely to meet the above 
requiiements was the direct method of delayed leaction Hertz 
(4) has used this method to study the effect of configuiation upon 
the behavior of birds. A seed was placed undei one of several 
similar flower pots while the bud was watching from a limb It 
was found that the birds could pick coiiectly only a pot which stood 
apait in the grouping. Leeper (8) has secured direct delayed re¬ 
actions from a 13-months-old child. He found that it was able 
to make a discrimination between two objects after a period of 
75^' in spite of loss of orientation. We thought that an analysis 
of the types of configurations to which childien of different ages 
could respond might yield a better undeistanding of the laws of 
perceptual development Light pasteboard boxes 2}^" by and 
deep, coated witli red^ paper weie used, and the situation was 
set up as a game. A toy was hidden undei one of the boxes, a 
screen momentaiily interposed between the boxes and the child, and 
the child directed to find the toy The motivation proved to be 
excellent The chief difficulty with this power-of-discnmination 
type of expciiment was found to be that, in order to determine 
the stage of complexity at which the children were no longer able 
to respond, it was necessaiy to repeat the situation to such an extent 
that the factor of learning became involved 

At the same time expeiiments were being conducted with a slightly 

*Munsell colored papers, maximum red, yellow, green, purple, and blue, 
numbers 4, 20, 12, 36, and 28 respectively, were used in these experiments 



CRITICAL CHOICE REACTION IN CUILDRIN 325 

different type of approach which was found to be a better tool, 
at least for prcliminaiy work. A dclavcd-icaction situation was set 
up 111 which two or moic cues could be used to identify the correct 
box. After this original situation had been solved coirectly, it 
was piesented again But this time the set-up was altered during 
the period of delay so that the cues, instead of reinforcing each 
otliei, were in conflict This icscmbles the “ciitical-trial” pro- 
ccduie in the picvious refcicncc to Riekcl (11), save that the much 
easier direct delayed leaction leplaces the 20 to 75 learning trials. 

Subjects. The subjects wcie 98 childicn, ranging in age fiom 
11.5 to 162 months. Mrs Anderson’s Nuisery School m Palo Alto, 
Califoini.i, contiibutcd 17; the Institute of Child Welf.ue at the Uni- 
vcisity of Califoinia, Berkeley, 36, the Berkeley Day Nutsciy, 19; 
and the New Haven County Home, West Haven, Coiuiccticiit, 26 
The social status of the first two of these gioups was consideiably 
above average, that of the last two was below average. The re¬ 
sults were tabulated, scpaiatcly at first for the four groups, but, 
since the mam ticnds of tins study wcic found to hold in each, 
they have been combined in this paper. 

Geueial Procedure A number of different experiments were 
tried out on successive days in the Palo Alto gioiip Those which 
seemed most promising were selected and combined into two 15- 
minute scries. The first sciics was composed of the following ex¬ 
periments lA 2, 5B, and 4. The second sciies consisted of IB 
3, 5C, and 6 * The plan was to lank the subjects according to 
age and give the even subjects the first scries and the odd subjects 
the second sciies; then, to give the odd subjects the fiist series and 
the even subjects the second. The following deviations were made 
fiom this plan' Irregularities iii the schedule caused about twice 
too many subjects to be given the fiist series first; the tiansicnt 
natuic of the gioup at the Berkeley Day Nuiseiy imde it advisable 
there to administer the two series at a single sitting, the ticnd of 
results indicated that it was unnecessary to administer Expeninents 
2 and 6 to all of the subjects, and only Experunent lA was given 
to the children at the New Haven County Home The differences 
in proccduie aie between the vaiious groups. Since the major 
trends of this study hold within each of these gioups, it can be 


‘See description of experiments 



326 


NEAL E MILLER 


concluded that tfiey are not aitifacts of the differences in pro- 
ceduie 

III. Experiments and Results 

Expel iment 1 Position and coloi enter into almost every ex- 
pcnmctital set-up The logical place to begin seemed to be with 
these in their simplest possible configuiation. The puipose of this 
experiment was to deteimme foi a discrimination between two boxes 

(1) the effect of age m a conflict among the cues, position relative 
to the other box, position relative to the subject, and coloi, and 

(2) the eftect of the distance between the two boxes in the same 
conflict 

Two boxes, hy lYz" and deep, one red and the other 
yellow, were placed befoie the subject on the edge of a white, 
paper-covered table 8 feet long. A table of such length was used 
in order that the table-ends might be removed from the situation. 
The white paper was used to give a homogeneous surface to the 
table. In set-up A the boxes were placed so that then centers 
were in line with the tips of the subject’s shoulders. In set-up B 
the boxes were twice that distance apart It was thought that this 
dimension of the subject, the dimension which enters most into the 
reaching situation, would be more significant than an absolute dis* 
stance. 

The procedure was to scat the subject in a clmir opposite the 
experimenter and say, “Do you like to play games? See the dog. 
It’s a nice dog, isn’t it? See the boxes. Now I’m going to hide 
the dog under a box Look!” At this point the toy was hidden 
Then, a white pasteboaid screen, 36" by 20", was interposed be¬ 
tween the boxes and the child, and held there foi 10 seconds. 
“Now see if you can find the dog. Fine!’' Then the toy was 
taken from the subject and hidden under the same box. “Now 
see if you can find the dog ngam.” This piocedure seemed to 
produce veiy good motivation with almost all of the subjects. With 
a few, interest had to be kept at a maximuna by using other toys— 
boats, crickets, dolls, rabbits, etc. The children of less than 18 
months presented some special problems, since it was hard to get 
objects which weie more attractive to them than the boxes them¬ 
selves Graham crackers were used At other times, objects sucli 
as tape measures, radiator keys, and spools, in which the children 
seemed to be showing a temporary interest, were more successful 
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Tlie youngest were encoui.Rgcd to find the.objects by gesture and 
example. 

The finding procedure was repeated until the subject got the 
idea as evidenced by two collect choices in succession These weic 
usually the first two trials. Then the cutical trials were made 
In these the situation was alteicd behind the screen, and a toy 
identical with the one hidden was put under the hitherto empty box. 
Thcie were thiec ciitical tiials in this experiment. The toy was 
hidden in the same manner before each trial. In Figure I let the 


□ 


I 



/ e 
prs 



m 




FIGURE I 

The Shuts Made in the Three Criticai. Trials or Experiment 1 


top line of squares rcpicsent the situations before the screen was 
interposed and the lower line represent the critical choice positions 
Let us designate each of the latter by a number for purposes of 
rcfeiencc And below each number let us symbolize the dominance 
of the cue that each choice indicated: c for color, pn for position 
relative to the subject, and pib for position relative to the other box. 
If the child uses the same cue consistently throughout the senes of 
critical choices and that cue is color, he should choose 2, 3, and 5. 
If tlie relative position of the boxes to each other is his cue, he should 
choose 2, 4, and 6 If position relative to himself is his cue, he 
should clioose 1, 3, and 6. And if the box having two cues Is always 
selected, he should choose 2, 3, and 6 There arc four other un¬ 
classified possibilities 1, 3, 5—1, 4, 6—2, 4, 5—and 1, 4, 5 

The data of this experiment aie presented graphically in Figure 
2 The results were .as follows. 

1 Only 2% (S E ±1 5%) of the ciitical choices of the children 
11.5-60 months of age fell into one of the four unclassified pattcins 
of response Since there were eight possible patterns of response, 
one-half of the total number of random choices would be expected 
to fall into one of these four Thus the most probable peicentage 
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FIGURE 2 

Thb Percentage of Responses to Each Coe roa Successive Acb Intervals 
UNDER THE TwO CONDITIONS OF EXPERIMENT 1 
A—with the distance between the centers of the two boxes equal to the 
width of the subject's shoulders 
B —with this distance doubled 

of cases in which these children did not choose consistently on the 
basis of one of the four specified cues is 4% (S.E.±3%). 

2. The percentage of choices in the unclassified category in¬ 
creased consistently with age There weie 22% {S E.±6%) of the 
critical choices of the children 61-172 months of age which fell into 
some one of these four patterns of response 

3. Only 6% (S.E.±2%) of the critical choices of all of the chil¬ 
dren fell into the pattern indicating that the box having two cues 
in its favor was always selected, 

4. Changing the distance between the center of the two boxes 
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fiom the width of the chiltPs shoulders to twice that width did not 
have a significant effect on the percentage of choices on the basis of 
color, two cues, oi chance. This change caused 46% (S.E ±11%) 
of the position choices to be shifted from the basis of position rela¬ 
tive to the other box {prb) to the basis of position relative to the 
subject {p)s). 

5 Position, relative to the subject oi to the othei box accord¬ 
ing to the set-up, was almost completely dominant over color for 
childien under the age of three.® This dominance decreased mark¬ 
edly find consistently with age.® 

6. The fiequency with which coloi w«is used as A dominant cue 
increased rapidly between the ages of three and five ^ 

7. The distiibution of the rosjionscs of the oldci children among 
more categories and the consistent inticasc with age in the number of 
responses in the last, or unclassified, category indicates that the 
older children wcic responding to a greater vaiicty of cues. 

Experiment 2. In most situations configuration and position arc 
combined in latliei complex manners The purpose of this experi¬ 
ment was to obscive the effect of age m a conflict for dominance 
betivcen two cues, namely, a certain simple configuration and n com¬ 
bination of position relative to the subject and position relative to 
the other object. Four red boxes were placed side by side to form 
a square and a fifth box was placed 6 ms. to one side of the square. 
The procedure was the same as in the previous experiments A toy 
was hidden undci the fifth box and found hv the child twice in 
succession In the critical trials the fifth box was shifted to the 


“This agrees with the previously quoted results of Usnadze (13) on the 
grouping of objects hy children Yerkes and Yerkes (16) find chimpanzees 
react much more readily to position than to color 
“The data in Figure 2 tend to suggest that position relative to the other 
box IS A more primitive cue than is position relative to the subject It was 
the oldest of the children iii the age range 11 S-24 mos who contributed the 
one response in this class interv.il on the latter basis (Figure 2B) The 
youngest, U.S mas, chose on the basis of position relative to the other box 
even when the boxes were ao far apart that she had to lean and stretch 
to her utmost to reach the "correct” one She was allowed to maintain her 
orientation in these trials Subsequently she demonstrated that she was 
able to react successfully the first time to cither side after a 10-second period 
of being swung around and shaken above her mother’s head 

snnilnr increase in the dominance of color over form has been found 
by Tobic (12) and by Brian and Goodenough (I) Our results suggest 
that the dominance of color may fall off somewhat after the age of five 
This would parallel the results of the latter investigators on color <vs, form. 
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other side of the squfiie and similar toys were under all of the boxes. 
Tlie results aie summarized in Table 1 It can be seen that m this 


TABLE 1 

Responses in Experiment 2 
(19 cases)* 


Subject 
age in mos 

Configuration 

dominant 

cue 

Position 

dominant 

cue 

115-2+ 

0 

4 

25-36 

2 

0 

37-48 

6 

0 

49-60 

3 

0 

61-7+ 

4 

0 


*The probability that the array in this table was produced by chance 
rathci than by some change related to age is lower than 002 


Situation position is tlic more primitive cue, but that the configmation 
becomes dominant ovci position at an cailicr age than dees color 
(Figure lA). 

Experiment 3 The purpose of this experiment was to observe 
the function of age in a conflict for dominance between two cues—a 
certain configuration and a certain color The set-up was similar 
to that of the preceding experiment except that the fifth box was 
yellow. The toy was hidden and found under this box in the usual 
manner In the critical trial this box was exchanged with the red 
box from the corner of the square adjacent to it and the child 


TABLE 2 

Responses in Experiment 3 
(56 cases) 


Subject 
age in mos. 

Configuration 

dominant 

cue 

Position 

dominant 

cue 

11 5-24 

1 

0 

25-36 

5 

5 

37-48 

14 

9 

49-60 

6 

4 

61-74 

1 

6 

117-132 

3 

2 


The results are summarized in Table 2 None of the children 
chose any of the thiec boxes that had no cues m their favor There 
was a 14% (S.E.±14%) increase in the percentage of choices on 
the basis of color from 49-132 months over those fiom 21-48 months. 
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It would appeal that the coloi cue and this s^^cific configuiation run 
a more parallel course of development than do color and position 
(Figure 2A). Moic cases would be necessary to draw definite con¬ 
clusions An examintUion of the behavior of the children of 25-36 
months in this cxpeiitnent compaicd to then bchavioi in the pre¬ 
vious two expeiimcnts brings out some facts vvhicli aie rather sug¬ 
gestive. In Expciunont I lelative and absolute position combined 
nie stinngci th.in color foi 82% (S E rt:9%) of these cluldien 
In Evpeiinicnt 2 coiifiRiii.itioii is stronger than relative and absolute 
position combined foi 100% of these cliddicii Ilut in Expeiimcnt 
3 configuration plus relative and absolute position combined are 
strongci than coloi foi only 50% (SErtl6%) of tlie same chil- 
dicn These lesults suggest that foui boxes of the same color and 
one of a diftcreut coloi is «t stiongcr oi mote piimitive cue than 
the s.ime diffeicncc of coloi between two boxes 
Ex/icmmiciU 4 , The purpose of this experiment was to observe 
the use of the cue, “box-of-a-diftcrcnt-coloi,” as a function of age. 
Three red boxes .ind a yellow one were placed together to form a 
square on a piece of white cardboard placed over a small disk that 
could be rotated by liand. The toy was hidden undci the yellow 
box, the disk was given a slow spin, and while it was still revolving 
the sciecn was mteiposcd Aftci a 10-sccoiul delay, the screen was 
withdrawn and the boxes brought to rest with the box covering the 
toy in a different position from that m which the toy had been 
hidden This procedure was repeated till the child made three suc¬ 
cessive coriect choices.® In the critical trial three green boxes and 
a purple box with toys under each box were substituted for the 
three red boxes and the one yellow box A choice of the purple box 
Avas iccorded in tlic “use-box-of-diffcrcnt-color" column, a clioice 
of one of the green boxes was rccoidcd m the "failuic-to-use-box-of- 
differcnt-color” column. If the choices were entirely random, one- 
fourth would be expected to fall into the fonner and three-fourths 
into the latter.® The results arc summarized in. Table 3. There 

^Position liabits were hard to break up with the very young children, 
coniirming the results of EYperimcDt 1 Placing the toy on top of the yellow 
box during the first rotation of the disk or allowing the child to make his 
first choice after the boxes had been slowly rotated in front of the screen 
seemed to be practical aidi in teaching the child the initial delayed reaction. 

’In the light of the results of the previous experiments, it is probable 
that, if the choices in the latter column were nnalyecd, they would be found 
not to be random, but to be consistent on some basis other than the cue 
"different” 
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TABLE 3 


Responsfs in Experiment 4 
(3S cases) 


Subject 
age in mos 

Use box- 
different-color 
as cue 

Box-different- 
color not 
used as cue 

11,5-24 

2 

0 

2S-3fi 

6 

3 

37-48 

7 

4 

49-60 

8 

0 

61-74 

3 

1 

117-132 

1 

0 


IS a definite tendency of even the younger cliildren to use the cue 
"box-of-a-clifteicnt-coloi.”^® It was found that 68% (S E iblO%) 
of the childien 11-48 months of age chose the puiple box as opposed 
to tile 25% (S.E.±: 10%) who would be expected to by chance. This 
is a diffeiencc of 43% (SE±14%) There is a suggestion of a 
tendency for the oldei childien to use this cue more often than the 
youngei as 92% (SE±8%) of the children of 49-132 months 
chose the purple box This is 24% (SE ±13%) greater tlian the 
percentage foi the gioup of 11-48 months 

Expetlment 5 The preceding experiment shows that a configura¬ 
tional difference of color, independent of the specific colors involved, 
mav be used as a cue by veiy young children. The Gestalt theory of 
development, if we undei stand it correctly, would predict this result 
by the following line of reasoning. Development is a differentiation 
or individuation of the whole into its parts.^^ Configurational re¬ 
lations are functions of the whole and absolute lelations, so-called 
sensations aie functions of the parts Therefore configurational 
relations are moie primitive than absolute relations Since the- 
different-color is a configurational relation, it will be a more primi¬ 
tive cue than the-specific-color which is an absolute relation. 

'‘’Kkiver (8) finds that monkeys have a tendency to pull m the different 
object first In order to get some idea of whether the behavior of our 
children was determined by this general habit or by a transfer from the 
immediately preceding delayed reaction, we reversed our expeiiment on 
four subjects who had used difference m color as a cue Toys were hidden 
under the three red boxes but none under the yellow In each of the critical 
trials the three purple boxes were picked up liefoie the green one 

'See Wheeler (IS) page 14, line 30, and page 529, line 42, to page S30, 
line 27 

'^See Koffka (7) page I+l, line 25, to page 142, line 12 
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It can be seen that the Gcs-talt thcoiy of development piedicts that 
very young childien will respond to a configuiational difference in 
coloi and that a response to tins cue will be a more piimitivc type 
of reaction than a response to specific colors It was the purpose of 
the present cxpeiiment to test the latter part of this deduction by 
studying the function of age in a conflict foi dominance between 
the cues box-of-a-specific-coloi and bov-of-the-differcnt-color Ac* 
couling to the Gestalt theory the dominance of the latter should be 
relatively gieatci among the youngci childicn 
Tliicc pioccduics weic used 5A—The child was taught, as in 
the picceduig experiment, to find the toy undei the yelloAV box in a 
squaie made up of thiee red boxes and one yellow box. In the 
ciitical tiial the cliild was confronted with a squaie made up of 
thice yellow boxes and one icd box 5B—^A blue and a green box 
were placed inches apait in the center of a pasteboaid square 
()" by 6", coveied with blue papei. The whole was placed on our 
little disk that could be rotated. The toy was hidden under the 
green box and the children taught to find it leg.irclless of position, 
as in the pievious cxpeiiment In the critical trial, similar blue and 
green boxes, but this time on a green background and with a toy 
undci each, were substituted. 5C—^The procedure was the same 
as the second except that Henng grays, No 12 and No 25, were 
used instead of blue and giecn. With the youngest child, a girl of 
23 months, a slightly modified set-up consisting of two light gray 
boxes and one dark giay box on a light gray backgiound was used 
to make the factor of difleicnce stand out as strongly as possible. 
In the critical trial this was changed to two dark boxes and a light 
box on a dark background. The results of 5A, 511, and 5C are 
summarized in Tables 4, 5, and 6 respectively, 


TABLE + 

Restonses in Experiment SA 
(15 cases) 


Subject 
age in mos 

Box-dillerent-color 
dominant cue 

Ilox-8|)cciric-color 
dominant cue 

11 S-24 

0 

1 

25-36 

0 

4 

37-48 

0 

5 

49-60 

0 

2 

61-74 

1 

1 

117-132 

1 

0 
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TABLE S 

Responses in EwbriMeMt SB 
(16 cases) 


Subject 
ngc in mos 

Box-diiferent-color 
dominant cue 

Box-specific-coloi 
dominant cue 

11 5-24 

0 

0 

25-36 

0 

4 

37-48 

0 

4 

49-60 

0 

5 

61-74 

0 

0 

117-132 

3 

0 


TABLE 6 

Responses in Experiment 5C 
(14 cases) 


Subject 

Box-differcnt-color 

Box-specific-color 

age in mos 

giay dominant cue 

gray dominant cue 

11,5-2+ 

0 

1* 

25-36 

0 

3 

37-48 

1 

3 

49-60 

0 

4 

61-74 

0 

0 

117-132 

1 

1 


•This was the 23-month-old girl who was given the sct-\tp modified to 
reinforce the factor of difference 


The trends in all three expeiiments are the same, If the results 
are combined, the specific coloi is dominant over the configurational 
difference foi 97% (SE ±2.7%) of the cluldren under 61 months 
old and for 25% (S E ±l5%) of the children over that age The 
diffcicnce is 72% (S.E±16%) m a direction oppostle to the one 
deduced fiom the Gestalt principles. This is in line with the 
apparent trend in the preceding experiment. Together, Experiments 
3, 4, and 5 would seem to show that a configurational difterence in 
color, independent of the specific colors involved, can be used as a 
cue at an age when the dominance of position makes it difficult for 
the child to use color at all, that such a configurational diffcicnce 
may leinforce strongly the use of color as a cue; but that, if the 
configuiational factor as a cue comes into conflict with a specific 
color, the latter is dominant with the younger child] en and more 
dominant the youngei the children These expeiiments have dis¬ 
closed a realm of perception in which the specific factois aie onto- 
genetically prior to the configurational ones, a trend of development 
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opposite to the one discovered by the c\pciimciits upon the absolute 
and the relative discriirunation of grays 

E^penment 6 The fact that none of the 56 children in the criti¬ 
cal trials of Experiment 3 chose any of the three out of five boxes with 
no cues in their f.ivor is a type of consistency that is impoiCant but 
not so very surprising In Experiment 1, liowevei, we have a slight¬ 
ly different situation Every box has a cue in its favor, and incon¬ 
sistency is merely a matter of choosing first on the basis of one cue 
and then on the basis of anolhei. Yet, only 4% (SEiii3%) of 
the choices of the childicn 11 5-60 months of age failed to be con¬ 
sistent. This almost pcifect individual consistency coupled with 
only a general group lelationship between type of cue used and age 
has two possible explanations 

1 Individuals belong to types In each type a ceitain cue is 
completely dominant Certain types arc more or less charactci- 
istic at ccitnin ages. The consistency is explained by the complete 
dominance of the cue 

2. No one cue is completely dominant The fiist choice is made 
after more oi less of a conflict The age of tlie subject is one factor 
in determining the outcome of this conflict. A semi-transient com¬ 
bination of ciicumstanccs is another. If the cue tentatively se¬ 
lected leads to a solution, it tends to become completely dominant m 
similar situations We found consistency, because leward reinforces 
the dominance of a cue and i)ie cJiild was always rewarded in tlic 
critical trials. 

The purpose of this experiment was to decide between these 
possibilities. Wc took 13 children, scattered thioughout the age 
range, each of whom had responded consistently ten minutes pre¬ 
viously, and put them thiougli an experiment exactly similai to 
Experiment 1, except that thcie were no toys under the boxes in the 
critical trials The result was that the numbci of clioiccs falling 
into the inconsistent categories incicascd to 31% of the total choices 
Since only 50% (S.E±14%) of the true niimbci of inconsistent 
choices would be expected to fall into lliesc categories and since 
eveiy one of the clioices fell into a category different from tlie 
one ten minutes pievious, we may conclude that removal of reward 
changes the behavior in this senes from almost pcifect consistency 
to almost perfect inconsistency. This indicates that the second 
of the two possibilities outlined above is, in all probability, tlie cor¬ 
rect explanation. 
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IV, Discussion 

The lesults of these expeiiments suggest fi way in wluch future 
lesenrch will he able to discovei that appaicntly landom behavior is 
following perfectly definite laws. They also suggest certain intei- 
csting relationships between the piobletiis of learning, tiansfcr of 
training, and insight. It would seem that in a new situation there 
is a conflict among reactions to cues from picccding situations. These 
cues may be quite complex even with young childien. Our ex- 
peiiments have pointed the way towards tlie ascertainment of the 
manner in which the outcome of this conflict is deteimmed bv the 
age of the subject, the structure of the situation, and the lesults of 
previous reactions, Tf tJie set-up is such that the icactions to the 
dominant cue happen to be reinforced, the lesult is called either 
tiansfer of training or insight^® If the set-up is such that the 
reactions to the dominant cue happen to be fiustrated, these re¬ 
actions are weakened until the leactioiis to the next most dominant 
cue operate. The repetition of this piocess often gives the illusion 
of random behavior. If the cue that the experimenter has decided 
to call coircct is made relatively stionger, the icsult is called learn¬ 
ing. Since the vaiious trials in a learning senes are only i datively 
similni, this piocess is really the setting up of a specific type of trans¬ 
fer of training. Tlius it can be seen that the cue, ns a channel of 
transfer of training formed by the operation of an enviionmcntal 
trend towards consistency upon a native level of neiiial oiganizntion, 
is a ccntial, unifying point of attack upon the pjoblems of random 
behavior, learning, tiansfer, and insight 

Summary 

A combination of the method of ciitical trials with the direct 
delayed leaction lesulted in a new technique which enables the ex¬ 
perimenter to dispense with the 20 to 60 training tiials involved in 
the older method of critical clioices and which piomises to be very 
useful, especially with j'oung children, in attacking genetically the 
problem of stimulus definition. 

“In our first experiment where all cues were reinforced, the behavior of 
the younger children was nearly completely consistent demonstrating almost 
perfect, though different, insights or transfers It was more difficult to 
detect consistency m the behavior of the older childien It might seem that 
their behavior was less insightful 0\ir hypothesis la that these children 
were responding to cues more complex than the ones we were studying 
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In the experiments leportcd the attack upon the problem of the 
definition of the stimulus was the deteimination of some of the 
factors which govein the dominance of cues. It was found that 
almost every choice in a senes of altered situations was made on 
the basis of definite cues from previous “similar” situations. The 
different-color, a configuiative diffeienco not dependent on the 
specific color involved, could be used as a cue by children, even in 
the early ages where they had difficulty in learning to use color as 
a cue at all. But if this cue conflicted with a specific color, the 
latter was dominant with the younger subjects. The dominance of 
cues was found to be a function of 

1 The aqe of the subject In the situations used in these cx- 
pciimcnts position was the cailicst cue; a simple configuration next; 
and coloi tlie last. The older cliildien seemed to be responding to a 
much more complex situation than were the youngei 

2. The stnictuu of the sitmtiou. Increasing the distance be¬ 
tween the two boxes weakened the cue “position-iclative-to-the-other- 
box” and stiengthened the cue “position-rclative-to-the-subjcct ” A 
yellow box, as distinguished from four red boxes, seemed to be a 
stronger or more piunitive cue tlian a yellow box, as distinguished 
fiom a single led box. 

3. The outcome of previous choices in "similar*' conflict siiiia- 
tlons A change from the reward of eveiy choice in a senes of criti¬ 
cal trials to no reward changed the behavroi from alnrost complete 
constancy to almost complete variability of dominant cue. 
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LA PERCEPTION DES ENFANTS UNE ETUDE GENETIQUE 
EMPLOYANT LA REACTION RETARDEE DE CIIOIX 
CRITIQUE 

L’emploi dc U reaction rctatdcc directe pour Glimmer Ics vingt 6. soixante 
fprciives d’entrninement dont il s'agit dans I’ancienne mithocle des choix 
critiques a prodiiit une nouvelle technique non-verbalc qui donne des 
esp^rances 

Dans SIX experiences nvee 98 eiifants on a dtudie Ics facteuis qiii 
gouvernent la dominance des suggestions Presque chaque choix dans une 
serie de situations changfes s’esi montii base sur des suggestions dffinics 
remontant A des situations antcrieurcs "scmblables ” La coulcur diffdrente, 
une suggestion configurativc indfpendante de coulcurs apfcifiquca, pour- 
rait ctre employee par les enfants trAs jeunes. Si celle-ci 6tait en conflict 
nvec line coiileiir specifiqiie comme suggestion, la derniere dominnit chez 
les jeunes sujets. La dominance de la suggestion s'ost montree une foncUon 
dc 

1 L'age du siijet La position, nne configuration simple, et la coulcur 
ont constltii^ I'oidre gdnftiqiic trouvd dans ces tests Les enfants plus 
ag^s semblaient repondre a nne situation beaucoup plus complexe 

2 La stiacture de la sitn.'ition, Une plus grnnde distance entre les 
boites a renforc^ la position absoliie aux depens de la position relative 
Le jaune distingue de quatre rouges a cte une suggestion plus forte que 
le jeune distmgui d'un rouge 

3 Le resultnt des choix anterieiiis L'cnIAvemcnt de la recompense 
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d'nnc sciie d'eiireiives critique*? a change Ic compoitement d'uiie Constance 
presqiig complete i une variability prcsqnc complete de la suggestion domh 
nantc 

On disciitc Ics implicntions des lyaultah pour les theories dc I’appren- 
tissage, Ic trnnsfcit dc I’entriimcment, et la compryhension 

Mir LER 

DIE WAIIRNEIIMUNG DER KINDER EIN GENETISCHES STU- 
DIUM MIT DER KRinSCIIEN WAHL UND DER 
VERZOEGERTEN REAKTION 

(Referat) 

Diirch die Anwcndiing del vci/ogcrtcn Reaktion, iim die ^wan^ig bis 
scchsig TrainiiiRubiiiigen, vvclthc bci der alien Methode dcr kntischen 
Wnlil notig waren, aiiszusthnltcn, ^\iid cine ncuc ycrsprccliiiiigsvolle, niclit- 
verbale Mcliiode gebrauchl 

Die Faktoreii, die das Ikmchen dci Fingerzeige bccinllussen, wuidcn 
m scchs Experiineiiteii rait 38 Kindcrn imtersiiclit Fast jede Wahl In einer 
Rcilicnfolge vnn verandeitcn Situationen beruhte nnf bestiminten Fingcr- 
zeigen aiis friiheicn “.ilmlichen” Situationen Der Auadmek “einc andere 
Fnrbc" (ein Gcstaltfingerzeig), dcr unabhangig von bcstiinmten Farhen 
\Yni, Ivonnte aiith von sehr jungen Kindern gcbiantht wcidcn Wenn dies 
111 wideistrcic imt einei bestinimtcn Faibe als cincm Fingerzcig genet, war 
dcr Fingerzcig hci den jungcien Kindein voihcrrachcnd Das Vorherrschen 
vuiii Fingcrzeig stellte sich heraus als eine Funktion: 

1 Vom Alter des Kindcs Stcllung, cine einfache Gestalt, nnd Farben 
machten die gcnetischc Reihenfolge, die in dieseii Testa gehiautht vvurde 
Die altercn Kinder achiencn auf eme wcit koinplcxcre Situation zii reagieren, 

2 Von der Struktur der Situation Grosscre Entfernungen zwischen 
den Schachteln verstarkten die absolute auf Kobten dcr rclotiven Stcllung 
Die unterscheidunR des Geiben aus vier Rotcu war cm Fingerzcig starker 
als die Untcrschculiiiig des Gclbco von cinem Roten 

3 Vom Ergcbnia fruheier Wnhkn Das Entfcrnen der Uelohnung von 
emei Reihenfolge kiitischer Wahicn veranderte das Vcrhnlten von der 
fast vollkommcnen Bcstandigkeit bis zur fast vollkommeiicn Verander 
lichkiet des vorlierrschenden Fingerzeigcs 

Die Folgcnirgcn aus den Ergebnissin in be/ug auf Theoricn des Lernena, 
das Uebertragen von Uebung, iind Einsicht werden erortert 
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CONGENITAL CATARACT AND UNLEARNED 
BEHAVIORS' 

Fiom the PsyihoUgual Inhoiaioiy of the Utlivcisily of Vngma 


Waynb Dennis 


Introduction 

We hnve becrv inteiested foi some time in the possibility of sub¬ 
mitting to expeiimental attack the topic of human instincts defined 
as unlearned behavior. The unleaincd behavior of tlie human 
being has foi too long been left to the atmehau invebtigator. In 
our opinion the e\pciunental approach is possible While several 
recent studies of “matuiation" aie inclined m this diiection they 
unfortunately fail to tUstingxiish between the matuiation of a le- 
sponsc and the matuution of the ability to leain the response. The 
investigation of unleatned behavloi in human subjects is theiefoic 
almost without piecedcnt and without methods. 

In casting about foi a condition that Natuie herself may occasion¬ 
ally impose winch removes or minimizes ccitain possibilities of 
learning, we thought at an caily date of the probable usefulness of 
cases of recovered congenital cataiact In these cases there exists 
a deprivation of many visual experiences which may be brouglit to 
an end by the suigeon at neaily any desiicd time The cases seem 
at first glance to offer an excellent opportunity for tiie psychologist 
to discover what responses to visual stimuli are capable of develop¬ 
ment in the absence of vision. 

As a consequence of this interest wc shall submit below a brief 
survey from the point of view of unlearned behavior of cases of 
recovery from congenital blindness reported to date. Befoie enter¬ 
ing upon this summary, however, a few intioductory consideiations 
must be presented. We may say, m the first place, that observers 

*Accepled for piiblicalion by Carl Murchison of (he Editorial Board and 
received m the Editorial Office, November 8, 193S 
‘We are indebted to the Institute foi Research in the Social Sciences at 
the UniverBity of Virginia for providing the fieedom from teaching and 
the ai.ces9 to bibliographic sources which made this study possible We 
must also thank Dr. Wilmer of the Wilmer Institute of the Johns Hopkins 
Umversity for valuable counsel 
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of cataiact cases usually have been relatively uninteiestcd in un- 
Icained beliavioi and hence then obscivations upon that point aic 
incidental The chief piiipose of man 3 ' students of recovery from 
congenital blindness has been to seek an answet to “Molyneux's 
query.” ]\'Iolvnciix wrote Locke piopoiinding the question of 
whethei a pci son who A^as bom blind and %vlio Imd learned by 
touch to tell tlic dift'cicncc between a cube and a spbeic would also 
be able immediately to tell them aiiait by siglit The bcaiing of this 
question upon theories of space peiception need haullv be mentioned 
liere It was not long .iftei the placiiig of this question that many 
sought to answei the queij', or others iclated to it, thiougb the study 
of tiicsc cases In most case reports, the inteiest of tlic obscivci 
has centered largely on the visual iccognition of tactual forms Ex¬ 
cellent icvicws of the case reports chicHy from tlie standpoint of this 
interest will be found in the papeis of Bonidon and Hippcl With 
refcicncc to Mol 3 'neux’s qiiciv it inaj be said that the gencial 
conclusion which has been arrived at is that some peisons submitted 
to opeiation foi congenital blindness can recognize some objects 
VLbuallv but that these cases do not meet the conditions of tlie prob¬ 
lem because they have not been, strictly bpc.iking, blind Since this 
conclusion was reached, psychological inteirat in the topic has some¬ 
what dccicascd, thcie being fewer entries in the bibliography from 
1900']925 than fiom 1875-1900 Our latest title is dated 1915 
In preparing our present bibliography we souglit to make it 
include all scientific reports concerning the behavioi of recoveicd 
congenital cataract cases, but nevcithcless we were foiccd to omit 
four references wliich are cited in Ilclinholtz’ Physiological Optics 
(translation edited by J. P C Southall) Two of these (Hofbauei 
and Grant) weic excluded because they were too incomplete for 
identification of the publication and two of them (two papeis by 
Uhthoh) because they were in publications to svliich wc could not 
obtain access. Wc have omitted several accounts which have oc¬ 
curred m popular magazines in the past five veais as tlicy aic of such 
doubtful value In addition to congenital cataiact cases wc have 
included one reference to recovery from noii-congenital cataiacts and 
one icfcrencc to rccoveiy from blepharospasm These cases picsent 
some of the same opportunities for psjxhological study as do the cases 
of blindness from biith, and the lefcrences cited will introduce one 
to the litciature on this allied subject 
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Preliminary Considerations 

The data from cataract opeiations cannot be evaluated without a 
preliminary consideration of the nature of tlie cases In the first 
place, it IS necessary to point out that none of the patients is ever 
completely blind. The lens is nevci so opaque but that some light, 
as for instance that leceived when the subject is looicing at the sun, 

IS transmitted to the retina. Thus ncaily all subjects can distinguish 
tempoial brightness diffciences and many can sec well enough to 
follow lights or to locate objects, windows, etc Since the cataracts 
vary widely m their extent, location, and opacity, theie aie accoid- 
lugly wide differences m the vision of petsoiis with cataracts Some 
individuals, however, aie lepoited to receive so little liglit upon the 
retina as to be unable to see colors (scotopic vision) even under 
very high external illumination, and it is obvious that detail vision, 
or vision for objects, is absent in the more seveie cases But it is 
sui prising that in some cases m which objects cannot be distinguished 
visually directed reaching may be quite accurate It is therefore 
important to know tlie exact vision and perfoimance of any subject 
before the operation. 

Secondly, the patients invariably or almost invaiiably suffer fiom 
a continual nystagmus wliich lasts for seveinl weeks after the re¬ 
covery of vision. It seems likely that the nystagmus is caused, some¬ 
how, by long exposure to pool illumination of the eye, as seems to be 
the case also in coal-mineis’ nystagmus and in the spasmus nutans 
of children, and that the oculai movements continue as a habit aftei 
the unfavorable lighting is lepLrced At any rate, nystagmus is a 
post-oper.itive disability which must be taken into account in the 
study of these cases. 

Thirdly, one must consider in inteipieting the post-operative prog¬ 
ress in vision the type of operation which is used in the removal of 
the cataract. If discission or needling is peifoimed, the cataiact is 
merely broken up and is left in the eve to be absorbed In this in¬ 
stance the recovery of vision lequnes a period of time which vanes 
from subject to subject. Often seveial operations are necessary. 
On the other hand, if the cataiact is removed by exiiaction, tlie 
optical system may be ncaily as perfect immediately after the 
opeiation as at any latei date, although of course the development 
of eye coordination and the elimination of nystagmus niav piogicss 
gradually. Occasionally uidectomy is peiformed instead ot either 
of the operations mentioned above. 
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TisSTs of Unlearned Behavior 

I J isual Preferences A survey of the case reports upon re¬ 
covery from congenital blindness leave one with the impicssion that 
ttieie is no unifoimity whatsocvei in the post-opeiativc visual pref- 
ciences of the subjects Foi almost any preference a conespond- 
ing antipatliy may be found in another case. *VVc cite below nearly 
all of the statements which can be found concerning this topic in the 
accounts of the cases in which vision foi color and objects was 
thought to have been absent prioi to the operation 

Tnnchinetti’s cate, a bov of 11, picfciicd yellow. In contrast 
V, ith tins, the case desuibed by both Latta and Ramsaj’, a man of 
30, upon fiist seeing yellow became so sick he thought he would 
vomit, but the feeling nevei leciiired. In some agreement with the 
fiist account to be mentioned is Waidiop’s report of a boy of 14 wlio 
piefeired 5 'ellow gloves, but who was more pleased by other colors 
in other objects 

Latta and Ramsay’s case, mentioned above, and Trinclimctti’s 
other case, a girl of 6, both preferred led. However, we shall soon 
find that at least one case {repoited by both Miner and Heard) 
found led foods repulsive 

Home’s first case, a bov of 12, was at the beginning photo- 
phobic, while the cases of Vuipas and Eggh, a boy of 4 and a girl 
of 5, found the light agieeabJc. Othei accounts show this same 
difteience with lespect to the agree,iblcness of light, 

The woman, 29, studied by Russell thought cveiything was beau¬ 
tiful, although Miner and Heard’s subject, a woman of 22, says. 

I could not bimg myself to eat an 3 thtng but milk, mashed 
potatoes or bread—they looked clean but toast or meat or 
eiufs looked duty and disgusting 1 could not cat tomatoes, 
beets Qi 10 ,lit beef of which I had been veiy fond—they were 
so red and bard and the looks of them sickened me 
I pcisisted in throwing dresses and waists out of my closet 
because they were too gaudy 

The lattci individual thought that human faces were repulsive and 
that mouths weie like black holes, whereas Franz says of his patient, 
a boy of 17, “Tlie human face pleased him moie than any other 
object picsentcd to view” Latta rcpoits that the man debciibcd 
bv bini took little esthetic intciest in the human face. 
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In contrast to Waie's boy, 7, and Cheselden’s boy, 13, who 
pieferred objects which weie smooth, hJmei imd Heaid’s case pie- 
feied bluned outlines 

It IS obvious that no adequate method oi studying visual prefer¬ 
ences has been used in any of tliese studies, Pait of the diveigence 
of the lesults is no doubt due to the tliveisity and unieliability of the 
measures of prefeiences, which consist almost entirely of casual 
questions and observations "While the disagreement of the subjects 
argues against any universal unlearned picfeiences, we must con¬ 
clude that the accounts aic not decisive for the absence of such 
picferenccs because of the poor quality of the data. Howevei, the 
suivey leveals no leasons why the use of adequate lesearch methods 
would not be fruitful. 

2 Reaction to Distance^ Some peisons with not too severe cata- 
racts are capable of reaction to distance even in the "blind” state 
If we exclude such cases, the evidence seems conclusive that an 
accurate appieciation of distance does not appear immediately fol¬ 
lowing the operation. The most usual test to be used in this con¬ 
nection 18 that of placing an object in front of the subject and le- 
questiJig him to reach for it The childicn observed by Vurpas 
and Eggli had no success m reaching for an oinnge Trinchinettds 
child subjects likewise failed in a similar test Carpenter’s ease 
groped for objects Tlic cases of Nunneley and of Russell arc re¬ 
ported to have had no idea of distance Similar inaccuracy is ic- 
poited by Ahlstiom, Fishei, Huschbeig, Raehlraan, and Mmoi. 
It IS mterestiirg to note that two men between 60 and 70 who 
weic opeiated upon by Lobanow and whose cataracts weie not 
congenital but had existed for 17-21 yeais also weie inaccuiate in 
reaching foi objects upon lecovery from their blindness These 
Cases as well as congenital ones seem to present good evidence that if 
any unlcaitied connection between i caching and vision exists it is 
either very temporaly or of a low order of accuracy. 

It can be rightfully urged by those who hold that some distance 
estimation is unlearned that the operation, in destioving the lens and 
thus the act of accommodation, destioys an essential pait of the 
reacting mechanism, It is also true that no quantitative statement 
of accuiacy has been obtained. 

Some of the errors in distance estimation aic amusing as well as 
interesting. The man described by Latta and Ramsay soon after 
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the gaining of his vision went up a fliglit of stalls taking two steps 
at a time without discovering his error Heaid and Miner’s sub¬ 
ject wiites: “If I tried to walk with my eves open I stepped so high 
every one laughed at me” The man dcsciibed by Minor a year 
after one eye had been cleared of its cataract (the second eye was 
still unoperated) could chop wood better with his eye closed than 
with it open. 

By way of postsciipt wc may say that only two individuals (N\in- 
neley’s case and Home’s second case) have agreed witli the patient 
of Chcscldcn, w'lio was tlie fust to be described psychologically, that 
everything seemed to touch his eyes. 

3. Iii/ciest in Visual U.xpei lencc. The situation in tliis field is 
very similat to that which exists m the icalm of visual prcfeicnccs, 
that IS, the individual cases differ cnoimously The subject of Dor's 
obseivations, a man of 22, made very rapid use of vision Otlier 
cases, too, show niucli interest in then newly acquiicd sciisoiy field 
For instance, IMiiior writes concerning the man of 40 leported by 
him’ “With the exclamation, ‘I can see’ he became a changed man 
His one object in life was 'to sec.' ” Russell’s subject was over¬ 
joyed to find she could sec, Schanz’s case learned icadily, Dufour's 

case was enlivened by sight, etc. On the other hand, tlic two chil¬ 

dren, 4 and 5, reported by Vuipas and Eggli did not react to light 
and continued for an unspecified length of tunc to act ns in the past 

although theit eyes were clear. Several mouths elapsed niter the 

removal of the cataracts before Cnipentei’s 3-year-old subject came 
to use his vision as other children do If the slowness of adaptation 
be attiibuted to immaturity in these cases, it cannot be so attributed 
in the c.ise of the man of 21 concerning wliom Albertotti writes 
"He did not wish to tiy to use tlic visual sensations which he ic- 
ceivcd and thus, left to himself, he returned some months after to 
the deplorable state in winch he was bcfoic the operation” (namely, 
unintciested in anything) The sistci, 33, of tire j'oung man pre¬ 
viously mentioned as described by Latta and by Ramsay, in contiast 
with her biothcr, made little use of her newlv acciuiicd sight 
Ulithoff in Ins account refers to a subject who showed little intciest 
ur Ills vision 

Such leports serve to emphasize the need for correlation svith 
abilities, pie- and post-opeiativc vision, pievious habits, personality, 
etc. Hovvevci, unless wc assume that an instinctive factor has 
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been distorted by habit intcffeieiice, these desciiptions give no im¬ 
pression of a uniform native intcicst in the visual environment qua 
visual, 

4. Visual Feais. Wc have been unable to find any repoit of 
fear either of a specific object or of the visual enviionment m general 
during the days immediately following the operation There is 
some mention of fear in the article by Heaid and m the mono- 
gi.iph by Warcliop but not as one of the imtml reactions. Par- 
ttculaily in the juvenile cases, it seems likely that shrinking and 
crying would haidly have been intentionally suppressed noi would 
they have escaped notice had they been present. The absence of fear 
is noteworthy in view of the fact that several studies in child psy¬ 
chology have recently shown that strange or unusual or unexpected 
objects elicit negative responses in many children The behavior of 
the cataract cases probably indicates that a ceitam amount of visual 
experience with objects is necessary before any visual stimulus can 
function as "stiange" or “unexpected.” If this is so, one would 
expect the cataract cases to show fear toward visual objects only 
when some time had elapsed after their acquisition of detail vision. 
Unfortunately the case histones seldom cover a sufficiently long 
period of time, nor are they comprehensive enough, to test this de¬ 
duction. 


Discussion 

The study of this body of interesting literature has been disap¬ 
pointing in that It IS inconclusive with regard to our problem. To 
be sure, we have failed to find good evidence that visual preferences, 
interests, or fears are unlearned or that reactions to distance are 
Unlearned. On the other hand, it may be urged that the negative 
results aie not decisive for several reasons. The chief of these lies 
in the non-quantltative as well as in the incidental natuie ot the 
observations On the whole, it seems to us that the literature 
which we have just cited weakens rathei than strengthens the case 
for the existence of unlearned visually controlled cooidinations be¬ 
yond those present in the newborn, but we realize that this is a 
conclusion whose probabilities of correctness cannot be stated 
But, though it be concluded the cases which have been described 
have not yielded very significant data upon the topic of the matura¬ 
tion of behavior patterns, we are of the opinion tliat cases of con- 
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genital cataract may yet be of a gieat deal of service m this 
connection In reading the repoits which we have cited one cannot 
escape the conclusion that adequate methods for the study of 
behavior, and particularly of the bchavioi ot the child, have never 
been used with this material Studies of the visual prefeiences and 
of the visually controlled reaching of formerly blind people have 
never been quantitative or comparable from subject to subject and 
this criticism could be extended to all other topics ot investigation 
encountered in the case reports. We feel that some of the methods 
^vhich have recently been developed in child psychology would yield 
valuable data with these cases. This is true not only witii refer¬ 
ence to the problem of maturation but in respect to many other 
problems as well If, for instance, results with respect to the un¬ 
learned development of behavior prove to be negative, one has the 
opportunity of studying in these cases certain pioccsscs of Icnnung 
which could never be studied in their entirety in the normal child 
because they cover too long n period of tune Tlicir usefulness 
in the investigation of true age differences in the learning of visual 
cooidinations is also apparent. 

We aie convinced that the utilization of these "natural experi¬ 
ments'' IS entnelv feasible In the course of a two years’ interest 
in the observation of these patients we have found hospitals and 
ophthalmologists to be cooperative and the fiequcncy of the cases to 
be gre.-iter than wc had supposed. However, in ordci to study a 
case adequately one should be ui a position to devote his entire 
time to It upon short notice. Ordinarily the experimental peiiod is 
limited to tlie hospital peiiod The ideal plan for the investigator 
would be to reside foi a period of time in a laige ophtli.ilniological 
liospit.il, prcfciably one in which the mctliod of extinction is com¬ 
monly used bec.iusc of tlic quicker irapiovcmeiit of vision in these 
cases. 


Summary 

Wc have indicated that some congenital cat.iracts constitute a 
nearly complete depnvation of vision and that the removal of the 
cataiacts by opeiation furni'-iics an oppoitunity for the study of 
initial icsponses to visual objects at a variable interval beyond birth 
This set-up for a "natural expenment’’ suggests itself ns being 
valuable as a method for the study of unlearned responses to visual 
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stiimib. It is also appiopuate to othei problems such as the study 
ot visual learning at vaiious ages with past experience nearly absent. 
Wc have icvicwed the Iitciatuie upon the efifect of the removal of 
congenital cataracts fiom the standpoint of unleained behavior and 
have found no positive evidence of an unleained contiol of behavior 
by visiouj but we have indicated icasons why this negative result may 
not be conclusive. 

It is suggested that the application of adequate lesearch pro- 
ceduies to cases of rccoveiy fiom cataract may yield valuable data 
concerning the development of behavioi and some of the xequiie- 
ments of such an investigation have been outlined 
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LA CATARACTE CONGENITALE ET LE COMPORTEMENT 
NON APPRIS 

(R68um6) 

On a indiqui que quelqucs cataractas cong^nltalea constiCuenC une perte 
de vision presque complete et que I'enlfivement des catarnctea par une 
op^intion fotiinit I'occnsion d'&tudicr les reponses initiales rux objets visuels 
i un, intervalle variable apeis la naisaance Cet arrangement pour "une 
experience naturelle" se siiggire comine m6(hocle de vnleur pour I’6tude 
ties r^ponses non apprises aiix stimuli vistiels On pourrait I'cmployer aiisgi 
pour d'autres probl^mes tels que I’dcude dc I'npprcntissage visuel A divers 
Iges, I'cxperience passie £tant prcaquc absentc On a r6Bumc ce qu'on a 
^crit sur i’effct de rcnIAvement des cataroctes cong£nita1ea au point de 
vue du compoctement non nppns et I’on n’a trouvd nulle Evidence d'un 
contrdle non appns du comportement par la vision, mats on a indiqu6 des 
raisons pourquoi ce r6sultat nfgatif peut etre non conclusif 
On sugg^re que I'application de precedes adequata de recherche aux cas 
de gu^rison d’une cataracte pent c6der cles donn^ea de vnleur sur le dc- 
veloppement du comportement et I'on a resume quelqoes conditions essen- 
tielUa d'une telle Investigation 

Dennis 


ANGEBORENER KATARAKT UND UNGELERNTES VERHALTEN 

(Referat) 

Wir hflben darauf hingewiesen, dnss einige angeborene Katarakten cinen 
fast vollkommenetl Verlust des Gesichts verursachen, und dasa dte operative 
Entfernung der Katarakten eine Gelcgenheit zum Sfudium dor ersten Ver- 
haltungsweisen in Hinsicht auf optischc Gegenstande in einem verander- 
lichen Zeitraum nach Gebvirt geben kann Dieses "Naturexperiment’' zeigt 
8ich als sehr wertvoll zum Studium der iingelernten Reaktionen auf 
optiache Reize. Es ist auch zweckrnaasig fur anderc Froblemc, wie die 
Untersuchung optischen Lecnens in verschvedenen Altern, wo vergangene 
Erfahningen fast fehlen Wir haben die Fachliteratur uber die Witkung 
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dcr Entfcrniing von angeborcnen KataraLten vom Stnmipiinkt urgelernicn 
VerJialten^ untcrsuciir, und hahcn kcine positiven Bowcjse dafur, da^g es 
cinc iiiigelcrnte Kontrollc dcs Verhaltena dtirch das Gesicht gibt, abcr wn 
hnbcn Grunde angcgcbcn, wariim dieaeg negative Ergebnis nicht endgultig 
scin diirftc 

Es vvird vorgcschlagcn, dnss die Anwendung ciner adnqiiatcn Vcrauchs- 
anordnung auf Wicdcrherstclluiigsfailc von Kataraktcn wcrtvolles Ma¬ 
terial hinsichtlich dcr Lntwicklung des Vcriiiltcns an die Hand gebrn 
mag. Einigc der Forderiingen emer solclieii Hntcrsiichung sind vom Ver- 
fasscr nufgcstclll woidcn, 

Dennis 



THE ADAPTIVE BEHAVIOR OF INFANTS IN THE 
UTILIZATION OF THE LEVER AS A TOOLi A 
DEVELOPMENTAL AND EXPERIMENTAL 
STUDY* 

Fioni the Yole Chtitc of Child Developwcjit 


Helen M. Richardson 


Introduction 

T]ie experiments clesaibed here wcie part of a larger investigation 
of the growtli of adaptive behavior m infantsA A more elaborate 
account of the majoi poition of this study has been published in 
Genetic Psycholog)/ Monogiaphs foi Scptcmbei-October, 1932. 

Statement of Pioblem The problem was to analyze the develop¬ 
ment of adaptive behavior fiom the age of 28 weeks through 52 
weeks in situations calling foi a vciy simple use of tools to attain 
an objective. The tools were of a type that is physically connected 
with the objective, a string tied to a remote toy, or a horizontal 
lever that could be rotated to bring in teach a toy earned on the far 
end. A gnll served as a barrier which necessitated the use of the 
tool to secure the remote objective. The stimg experiments are 
described in the monograph mentioned above The picscnt paper 
deals with the level problems In addition to analysis of develop¬ 
ment, the proceduie permitted a comparison of behavior befoie and 
after demonstration of rotation. 

Histoiical Snmmaty Investigations of adaptive behavior in 
analogous lever problems have made use of animal subjects almost ex¬ 
clusively and have not emphasized the developmental aspect of the 
behavior 

Shepherd (15), with 11 rhesus monkeys as subjects, employed a 
light wooden lever 18 5 inches long, its neai end being attached by 
hinges to a base 4 inches from a grill The lever was inclined away 

^Accepted for publication by Arnold Gesell of the Eclitoiial Board and 
received in the Editorial Office, July 31, 1933 

This study was made at The Yale Clinic of Child Development m 
1930-1931 The writer gratefully acknowledges the advice and assist¬ 
ance of Dr Arnold Gesell and Dr Helen Thompson in planning and 
conducting the study, and their helpful criticiam of the manuscript 
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fiom the grill at an angle of 45 degrees. By moving it forward in 
a veitical plane, food on the far end covild be bionght m leacli AH 
but one of tlic subjects succeeded m the first trial The chief diffi¬ 
culty was adjustment of the hand to the proper opening rathci than 
failuie to attack the appaiatus in the propei mannei. In a similar 
latci expeiiment Shepherd (16) found that a cat was unsuccessful. 
He concludes tliat the monkevs gave evidence of adaptive intelligence 
and that tlie c.at did not At the same time he admits that the 
fippniatus may not liavc been sufficiently well suited to the cat’s 
motoi equipment 

Ncllmann and Trendelenburg (13) call .nttention to the fact 
that Kohlci’s diagonal slung expeiiment (11, p. 207) is essentially 
a lever pioblem in which the pivot is distant, the long aim serves 
as a liaiulle, and the objective is between the end of this aim and the 
pivot The chimpanzees’ behavior in this situation fuinishes one 
of Kohler's strongest aiguments for “insigiit" Ncllmann and 
Trendelenburg use the teim “pinnarv solution” to cover a case in 
which a problem, on the vetv first occasion of its being encountered, 
IS solved witliout aid of overt imitation, “tiial and erroi,” or “being 
put tlnough.” With a horizontal level pivoted at the neai end, to 
be pulled with the hand betw^een the pivot and the objective, they 
found that a rhesus and a pavian monkey achieved piimaiy solutions. 
Though they admit the possibility of transfer to this situation fiom 
similar use of a slender biancli in wild life, tiiey emphasize the fact 
that such transfei to the laboratory pioblcm would show a significant 
capacity foi adaptation. In a turntable experiment, likewise, they 
obseived primary solutions by both the rhesus and the pavian, pre¬ 
ceded by two 01 three testing movements 

Dreschei and Tiendclcnburg (3) report that in turntable experi¬ 
ments a Java ape, a young rhesus, chimpanzees, and orangs gave 
primury solutions, but cats were unsuccessful One cat accidentally 
brought the food almost in reach, but seemed unable to continue 
the adaptive procedure 

Yerkes (19), with the gorilla Congo, used a turntable in study¬ 
ing the delayed reaction Congo’s ability to adapt to the turntable 
was not called in question. 

Guillaume and Meyerson (6) outline a senes of categories to 
which tools for securing remote objects may be assigned According 
to their classification, levers like those with winch wc are concerned 
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are tools connected with the object and subjected to mechanical 
conditions, Ginllaume and Meyeison used two levers in which two 
sticks formed a cross that turned about a centiai point, the objective 
being fastened to the extremity opposite the cage. In the case of one 
of these levers, an obstacle limited the possibility of lotatlon to one 
direction. A third lever was similar to the one desciibed by Shep’ 
held An account of their experiments with chimpanzees (7) 
stiesses tlie great adaptability of the animals and the .authors’ feel¬ 
ing that no simple mechanical explanation of the beliavioi is possible 
Adams (1), in his studies of cats, employed thiee types of levers’ 
one similai to Nellmann and Tretidelcnbuig’s, and two with a pivot 
between the objective and the handle, so that the force had to be 
applied in a direction diffeient fiom that in which the objective 
should move Adams emphasizes the importance of accustoming 
the animals to the experimenter and the experiment loom and of 
adapting the apparatus to the motor equipment of the subjects His 
subjects showed great individual differences in motivation and in 
adaptive behavior. Two out of eight were successful with the first 
type of lever and apparently mastered the problem after two tiials. 
"With the other two leveis likewise two cats weie completely suc¬ 
cessful One cat was successful in all three pioblcms. Adams' 
conclusions from his whole series of expciiments are that "motor 
and perceptual adaptation are indissolubly associated and develop 
concomitantly", that insight is "a special case of adaptation, both 
perceptually and behavioially", and that what is often called trial- 
and-error learning might be called a “small insight" and that wliat 
IS frequently called mental trial and eiioi might be called a "big 
insight” He notes the haimony between his views and those of 
Hobhouse (9) and Tolman (IS)- 
Kluvei’s (10) studies of the use of tools by monkeys include one 
diagonal-stimg problem (p. 239) similar to Kohler’s and two com¬ 
plicated by extra stiings. His two subjects weic immediately suc¬ 
cessful in the simpler problem, achieved a sliglitly inteiior solution 
in the second, and lesponded correctly aftei one enor in the third. 
He notes that the chaiacteiistic fiist reaction of the monkey con¬ 
sisted in "doing something in the direction of the goal," that dis¬ 
tances in the duection of the goal cannot be consideied equivalent 
to distances of the same length in other directions, and that the 
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‘'|)i()]icit:ies of tlic field” Lhaiiticd i.Lpullv uiulci the influence of 
ti lUnincj 

Studies of lUiaptivc hch.ivioi m infants have used othci techniques 
than Ic\ci piohkins. In iliainaid’s (2) senes of cxpciiineiits with 
his 30-nn)nths-old dautthiei theio is a dia}>:onii]-sttint: piohlent like 
Kohlei’s 'I'he icsults wcie sinulai to Kohlei’s the child pulled 
liist 111 the (hiection of the stiiiif;, ihen moved it alon^i fiom one spnee 
of the null to anotiiei until the ohjcclive came in leacii 

(Uunadv! of the Pii'\tiii S/iidv, 'I'he |)iesent stiuh makis i 
miKtic appiorich to tile question of adaiitue behavioi in these pioh- 
leins, not thiounh compatinjr one nciiiis with anothei, hut tliioiitth 
ohseivinji human infants at ajic inieivals id foiii weeks duiiiifi llie 
si\ months’ pciiod in w’liidi lhe\' p.iss liom iiic.ip.icit\ to ca)i.icitt 
to cope successfulh with then piohlems As w’as uulicated in the 
w’litei's eailiei monouiaph (H), the woik. of (icsoll (4) has been 
iiiniicntial in suj^^esLinj; the problem and the piocedinc 

Mi iiioi) 

Siihji'il^, 'I'he subjects wcie the same infants as those used in the 
wiitei's otliei expeiimcnls (14) except that (nil F lias been omitted 
A detailed account of the constitution of the ttioup (.i '‘supciioi" 
lathei than an aveiayc nimiii) is jjiven in the e.iilici monoftinplt ‘md 
is not lepcited heic E.icli of the 10 hots and 5 fiiils was scheduled 
to l)c CMiiiimcd once et'cii' foui weeks fjoiii tlic ajie of 2H weeks to 
52 weeks iiicliisive 'Flic total niimhci of examinations actuallj 
ijiveii was 70, the iiumhet at each ajic lantiinn fiom 10 to 12 'Flic 
aveiaj'c mimhci foi each infant was 5 I 

Jpfxiiiihis and jMode of Pion'dine 'Fhe e\amln<ition loom and 
ciih and the I'cncial method aic dcsciihed in the m<inoniai>h above 
mentioned Figuie 1 sluiws the ciih with a low l.ihlc at one end 
and the trull haiiiit 'Fhc sjiecial aiipaiatus fm the levci expeii- 
niciits consisted of .i htrht-triav ho.iid 27 \ 19^| \ ]/2 niches, to 
which a icd stiip of wood I8^i \ ’t inches ami ’j inch thick was 
attached In a pnot scicw' inches fiom one end A tiav cain'iinr 
a toy was fastened to the end of the lontici aim of the level 'I'lic 
tiav was of coloilcss celluloid, 4 inches m diainetci, with sides about 
2 inches liitrh, and was Imld in place by two ciossed hiass stiips 
bent up and hooked met the sides 'i'he pivot scicw’ wms loose 
enoufih to allow' fiee lol.itioii of the levei 'The pivot point was 
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FIGURE 1 

li\AMiN\ri()N Criii winr Taiii i and Griii 


m.iiked hy ji wasliei inch in duiinctci undci the J"i-inch head 
of tlic brass sciew The boaid w.is to be placed on the table top 
fiist with the level in position A (Figiiic 2, /i) Fiom tins position 
the tiay could be biouyht in leacli oi to the giill bv lotating the 
level countcidockwisc, cither by pushing the shuit arm to the right 
01 bv pulling the long atm to the left. A nail in the boaid neai the 
iight-hnnd edge of the fai end of the level pi evented clockwise 
lOtAtvon from position A. Figvuc 2, b, shows a second method ol 
presenting the Icvei, which will be designated position 13 

Befoic any evpciimcntation began the infant had been accustomed 
to the examination situation m a “waimmg-up" pciiod, and befoie 
tlic level was piesented he had been thiough a sciies of stung- 
pulling expciiments and liad been in the expciiment loom fiom 10 
to 45 minutes. His mothci’s piesencc was pciinitted if it seemed 
neccssaiy to put him at ease 

At the appiopiiate tunc in the seiies of expeiiments (14, p 231), 
the lever boaid was hud on the table behind the giill, in full view of 
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FIGURE 2 

Lcver Bo\rd, Showing Lever in Positions A and B 

the infant, who was in the crib at the time The lever was in 
position A and tlie infant was scaled directly in front of tlie lever 
A small handbell' was rung by the Examiner, and, while the infant 
was reaching for it, the bell was moved down to the end of the lever. 
Jingled again, and set on the trav The infant’s behavior deter¬ 
mined the length of time allowed for a trial, which varied from 25 
seconds foi those at 28 weeks who merely sat and stared to about 5 
minutes for one at 48 weeks who tugged anil rotated much. If 
the ‘‘hue" were not brought in reach from position A, the Examiner 
visiblj' rotated the level to position B, rang the bell again, and again 
set It on the tray. If success were still lacking, the Examiner pave 
a clcmonstiation by twice lotating the lever, with her hand on the 
short arm, between position A and a position with the tray touching 
the grill Tile lever was then left in position B. In 5 of the 
79 examinations, the demonstration ivas followed by a re-prcscntation 
in position A Success in A or B was followed by a re-piesentation 
as long as interest seemed to warrant it. 

’The hand bell was similar to those used m Gesell’s developmental 
examinntions (4, Figure 18) 
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Occasionally in these re-piesentations it seemed desirable to sub¬ 
stitute anothei lure for the bell, when it appeared that the latter 
had lost Its motivating efficacy. Other small toys used foi this pur¬ 
pose were a blue celluloid automobile, a loly-poly doll, a yellow 
wooden duck with led wheels, and a flame-coloied celluloid rattle 
with black markings that suggested a fish. 

A second trial wlicn the first was a failuie vvas given to one infant 
at 32 weeks, to one at 40 weeks, to two at 44 weeks, to four at 48 
weeks, and to one at 52 weeks. All but one of these second tri.rls 
were in position B and consisted m restoring the lever to position 
13 after it had been turned to A Only two of these second chances 
brouglit success These two weie at 48 weeks 

Time records weie kept by the Examiner with a stop-watch, and 
aie available for most of the trials A running account of the be¬ 
havior was dictated to a stcnogiaphcr who was stationed behind a 
one-way-visiori scieen. 

Treatment of Results The number of subjects at each age 
permits giving a quantitative foim to the results The number of 
infants in whose recoids a given bchavioi item occurs at a given age 
in a given situ.ation has been counted, and these frequencies, divided 
by the number of infants examined at the age in question, form the 
basis of the peiccntagcs that appear in the tables and graphs of 
icsults. Some of tlic most significant aspects of the behavior, how- 
evei, call for descriptive rather than quantitative tieatmeiit 

Analysis of the Material Results and Discussion 

Influence of Age on the Behavior Tabic 1 shows for each infant 
at each age the situations that were piesented and the number of 
successes in each 

The results shown in Table 1 are roughly siimmaiized in Figure 
3, which does not take account, however, of the number of successes 
by each infant. This giapluc presentation of results suggests that 
age or development bears an important relation to success and that 
an impoTtant step in matuiation occuis between the ages of 40 and 
44 weeks. 

To ascribe this impiovemcnt with age to maturation more than 
to specific "practice cftects” from tiials at eailier ages is in accoid- 
ance with the conclusions of Gescll and Thompson (5) fiom tlieir 
studies of learning and growth by the method of co-twm control 
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FIGURE 3 

SUCCE85E8 IN POSITION A OR B BEFORE OR ATTBR DEMONSTRATION 

Though mfituratlon is probably fundamental, however, it is not 
claimed that development is wholly uninfluenced by the infant’s own 
activities. The daily manipulation of objects, even though it is non¬ 
specific with reference to a particular test situation, may very well 
contribute both to motor and to pciceptual development. This 



FIGURE 4 

Analysis of Adaptive Behavior in Position A before Demonstration 
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point will be consideied again aftei a more detailed presentation 
of results 

Figure 4 gives a more reined analysis of the behavior m position 
A, showing some of the developments that precede success At 28 
weeks only 70 per cent of the infants appioaclied the lever and only 
50 per cent contacted it Between 28 and 32 weeks there was a 
pionounced increase in the number who tugged at oi moved the 
level. The line representing the pciceiitagc who rotated the lever 
counterclockwise runs almost parallel to the line representing suc¬ 
cesses, thougli It luns at a gientei height Inferior methods of ap- 
pioach and attack, such as sciatchuig or poking at the lever or sciew, 
icach n, peak at 36 weeks and then detlme in frequency 

It seems unquestionable that development of moto> capacity for 
getting through the gull is an imiwrt.mt factor in adaptation to tins 
situation. This conclusion is suggested by the data in Figure 4 and 
IS likewise supported by the fact that at 32 and 36 weeks a much 
smallci percentage of infants moved the lever when it was in position 
B than when it was in position A (Table 2) In position 13 the 
near end of the lever is farther from the gull than in position A. 
The techniques used in the present study, of course, barely touch the 
surface of the problem of motor development Tlic arm and hand 
movement which Halverson (8) designates as "approach” in hb 
thorough study of cube prehension is undoubtedly involved in the 
capacity to get through the grill. Halverson found a shift fiom a 
preponderance of circuitous approaches to a prcpondciance of straigllt 
ones between 32 and 40 weeks and found at the same time a. con¬ 
spicuous lowering of the height of the appioach In the lever ex¬ 
periments, before theie can be success m position E by pulling on 
the long aim, the infant must be able to icach with secure giasp a 
position at least 6 inches inside the gull The avciage infant at 
28 weeks can grasp a cube at this, distance on the open table top (8), 
but It IS another mattei to accomplish this tluough a gull baiiier. 
Bcfoic tlicie can he success in position A by iiushing on the shoit 
arm, there must be capacity foi a rather fine wnst lotation "Wiist 
rotation” (supin.Ttioii and proiiation involving hand, wnst, and fore¬ 
arm) appeals in Gcscll’s 1928 nouns (4) at seven months 

Docs the peiceptive attitude towaid these situations change with 
advance in age^ I'hc question of peiceptive attitude requires the 
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making of inferences from the obscivablc behavior. Heie our treat¬ 
ment must be largel}' descriptive and only loiighly quantitative 
Doubtless one should not think of the lever and the lure as the 
sole potcnti.il stimuli to action There are also the gull, the sides of 
the crib, the platfoim, not to mention the Examiner, the chair on 
which the infant may be se.'ited, and the infant’s own pcison The 
hands of the infant may giasp the gull rods (true of 50 per cent at 
28 weeks), he may pull himself toward the grill, he may turn to the 
side rail, ciccp, oi pull himself to standing (Table 3). Usually, 
however, the lever and lure appealed to he conspicuous and focusing 
figures ill the situation, at least foi a brief tunc 

TAHLE 3 


Locomotor Acuvity (PosinoN A) 


Akc 

in ^\eeks 

PcTcentaB® who 
turned to crib rail, 
crept, or 

pulled tu standing 

Pcrctinagc who 
piillccl to standing 

23 



32 



iC 

17 

8 

40 

30 

ID 

4+ 

58 

25 

43 

64 

64 

52 

92 

92 


The outline of possible perceptive attitudes towaid this, configura¬ 
tion wliich IS given below is admittedly from the point of view of 
the experimenter, but it is suggested by the beliavior of the infant 
subjects Figure 4- furnishes some data foi this section, alvo Table 
4, which shows the number of successes in A and in B which were 
brought about by pushing on the short arm alone, by pulling on the 
long arm alone, and by a combination of these two methods. 

1 Tlic bell inav icccivc attention to the exclusion of the lever. 
This does not appear very likely, on account of the sue, color, and 
position of the lever At 28 weeks 2 infants out of 10 are not re¬ 
ported as fixating or approaching the lever in position A, and 5 are 
not reported to look at or approach it m position 13 At 32 weeks 
these numbers arc reduced to 1 out of 12 in A and 2 out of 10 in 
B At 36 weeks one infant apparently did not regard the lever in 
position B No infant who failed to regard or approach the lever 
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made anv approach to the bell beyond leiining forward and giasping 
the giill 

2. The lever may be an object of interest in itself, aside fiom 
Its relation to the toy on the tray. We found evidence of this sort 
of behavioi in our string expciimcnts (14), but it was practically 
negligible after 44 weeks. In the lever cxpeiimcnts, the lever was 
frequently approached and grasped before the lure Avas set on the 
tray To be sure, the tiay could have been tonsidercd a distant 
objective even then, and at times it Avas brought in reach and manipu¬ 
lated, Unfoitunately, qu.intitativc evidence cannot be given here 

3 The lever may be considered .i tool analogous to an unic- 
striLtcd attached stung (14), to be pulled diiectly iii as a means to 
transpoiting the lure. Figuie 4 shoAvs the fieqiicncy of such diicct 
tugging in position A In positum 11, similar pulling applied to the 
shoit aim icsultcd in rotating the lever lowaid position A. At 32, 
36, and 40 Avccks, all Avho moved the lever in position B pulled it 
m this mannei at least once At 44 weeks this was true of 78 pei 
cent of those Avho moved the levei from position B, at 48 weeks of 
89 per cent, and at 52 weeks of 62 per cent At these ages there 
weie an increasing number who reached the longer arm of the lever 
and pulled on it. Though the fruitless duect tugging on the short 
arm must be considered an error even if the infant is merely trying 
to draAv out the lever and not the lure, may it not be considered a 
“good error,” in Kohler's Avords (11, p. 194), and considered the 
mark of an inference, though a false inference? As Lindcmann (12) 
says, the behavior Avas governed by the visual rather than by the 
physical structure of tlie situation Adams (1) might call this a 
“small insight.” Tolman (18) might say that a ccitain postulation 
of the goal position Avas evidenced. A number of infants repeated 
these direct taggings thiee or four times in position A, using iiglit 
and left hands alternately This need not be consideicd a blind repe¬ 
tition of an error objects which appear to be fastened firmly do not 
always remain fast. After 44 weeks this diicct tugging in position 
A declines in ficqucncy. 

4 When the infant in position B secures the lure by reaching 
beyond the pivot and pulling the long arm of the lever toward him 
while he eagerly Avatches the lure, he is not only using the lever as ,i 
tool analogous to an unrestricted attached string (the force being 
applied in tlie direction m Avhich the lure is to move) he is also 
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responding coircctly to the physical structure of the situation. But 
is this physical structure perceived^ Usually it appeals that the 
infant is merely leaclnng as near as possible to the lure. Increasing 
successes with the use of this method in position B may be due to 
increasing capacity foi arm extension and to increasing interest in the 
remote, complex lure in prefeience to the neai, simple stick. One 
may say that when the infant has sufficient motoi maturity the 
dynamics of the situation favor success without observation of the 
function of the pivot being neccssaiy The cases that come neaiest 
to suggesting a ludinientary obseivalion of this function are those 
of Gill E at 52 weeks and of Girl A and Boy J at 44 weeks. Girl 
E was the only one who at 52 weeks employed the method of rotat¬ 
ing the lever by the long arm m position A, and she adopted this 
method in A after success with it in position B. In a thud trial 
after two unhesitating successes in A, she got her hand first on the 
short arm of the lever and shifted it beyond the pivot before making 
the rotating movement. Giil A at 44 weeks m position B, m her 
second trial after the demonstration, began with one brief clockwise 
pull on the short arm, but shifted beyond the pivot and pulled in the 
long arm. Boy J at 44 weeks in position A, having pushed the short 
arm until he could easily get his left hand on the long arm, began to 
pull on the long arm, but slipped below the pivot and sent the tray 
lotating away Promptly he shifted his grasp beyond the pivot 
and brought the bell to where he could secure it 
5. To learn to apply foice to the tool in a direction opposite to 
that in winch the objective is to move appears to be a more difficult 
matter than to leain to apply it m the same dnection, if one judges 
by the number who wcie unsuccessful in position A but successful 
m B. There is no evidence, to be sure, that this is more difficult 
than to peiceive the function of the pivot Successes m position A 
were almost all accomplished with at least an initial rotation of the 
short arm of the lever, and some successes in B weie also of this type 
(Table 4). 

In learning to bring the lure nearer by pushing on the shoit arm 
of the lever, was there trial with giadunl elimination of errors, or 
observation and immediate repetition of successful moves? 

It seems reasonable to suppose that the first successful movement 
of the short arm, at least in its beginning, must be of an exploratory 
nature or even accidental. How can the infant know in advance that 
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the level h movable in this way until lie has discovered the “physical 
structuie” thioiif^h trial m this oi analogous situations? A success¬ 
ful procedure begun by trial or accident may sometimes be accom¬ 
panied by observation of a lelation between this proceduic and its 
result and may be continued or repeated with “foresight” Perhaps 
one can iiifei that success is accompanied by observation of (or in¬ 
sight into) successful moves wlicn there is a scries of rather prompt 
and cirorlcss succcisscs, possibly preceded by a iclativelv long explora- 
toiy tiinl, but not picceded by a scucs of successful tiials with 
gradually dimiiiisliing time and eirors. One may mfei tliat success 
has come without adequate observation (or insight) when it is not 
repeated (provided thcic is evidence that motivation continues) 
Our piocedurc did not provide the Tlioindike type of cxpciimcnts 
(17), with long time allowance and icpctition at lelativcly shoit 
intcivals, which show a gradual elimination of cnois and reduction 
of lime until the goal is icachcd with a minimum of time and move¬ 
ment. The tunc records that w'e have for sonic series of successes 
appear to be measures of motiv.Uion and emotional adjustment as 
well as of pioricicncy, and cannot be taken simply as indicative of 
presence or absence of insight. But our method brought out clearly 
enough in some cases tlic distinction bctw'ecn the infant who seemed 
able easily to repeat Ins successes .ind the one wlio did not. 

An example of success apparently without insiglit in position A 
IS piovidcd by Boy D at 36 w’ceks, the only age at which lie biought 
tlie lure in reach The first move was a turn of the hand on the tip 
of the lever which brought the tray in reach, and tiic bell was 
secured in 35 seconds aftci some difficulty in disentangling it from 
the tray and the grill In two following trials there was no success, 
although tlieic w.is evidence of interest in the bell Sixty seconds 
were allowed foi tlie fiist ic-tiial, then D was taken out of the cub 
for an intcival and returned for aiiothci trial This time he began 
to fret and turned away aftci 20 seconds in which lie had reached 
along the lever with light, left, then right hand without grasping it. 
If there was a flash of observation here, its icsults appear very short¬ 
lived. 

More indicative of insight is the pciformance of Girl B at 44 
weeks. Her protocols aie reproduced here 

As soon as the lever board is in place, B gets her hand on 
the short arm of the lever and tries to tug it toward her She 
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rotates it about 40 degrees m the counterclockwise direction 

The lever is returned to position A by the Evamincr The 
handbell is lung B reaches for it with left hand as the Ex- 
atniner moves it to the far side of the griil and sets it on the 
tray Bight hand is also active B has turned the tray about 20 
degrees before the bet) is put in the tray Left and right hands 
alternately approach short arm, turning it She docs not yet 
turn it more than 40 degrees in the counterc-lockwise diicction, 
and occasionally turns it clockwise As she rotates it back and 
forth with her right hand, she eagerly watches the bell in the 
tray. Once she turns the lever as much as 90 degrees, so that 
the stick is parallel to the grill. After 80 seconds the tray, 
following trial rotations, is brought in contact with the grill, 
and B secures the bell. 

The Examiner returns the bell to the lever in position A. 

B, with hcf right hand, turns the short arm about 40 degrees in 
the countciclockwise diiection. She brings up her left hand. 

With her right In a steady movement she rotates the lever so 
that 20 seconds after the beginning of the situation the tray is 
near the gull. She secures the bell. 

The bell is removed and set .again on the tray in position A 
Tins time the first tuin of the short arm is greater Five sec¬ 
onds after the beginning of the situation B has secured the 
bell and carried It through the grill 

The fourth time the bell is put on the tray, B’s turning of 
the lever brings the bell to where it con be barely touched 
with the tips of her fingers as she reaches thiough the grill 
She tries with both right and left hands, and finally with her 
right hand she takes hold of the tray and draws the bell in 
reach She secures the bell 4$ seconds after the beginning of 
the situation. 

The bell is removed and set on the tray again B's left hand 
tugs at the short aim, then her light hand, then her left hand 
again Then the right hand with one rotation turns the shoit 
arm So that the bell is brought close to the grill and secured 
12 seconds .after the beginning of the situation 

If It were not foi the long time reported on the fouith tiifil, due to 
B's struggling to secure the bell when it could be baiely touched, 
oui time recoids heie would show a consistent low level aftei a 
very pionounced diop. The fiuitlcss initial tugs in tiial 5 show 
that the visual structure of the situation still had some influence 
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Tins deterioration of a peiformaiicc when too many trials arc E>veii 
will be noted again in the ease of other infants. It is also wortli 
noting that what was learned by II was not a fixed leaction, using 
always the same motoi mcchnnisin, but a more oi less variable means 
of attaining a goal The protocols make it clcai that this was 
tiue also of tiucc out of the five infants who had a series of relative¬ 
ly erroiJess successes tn position A at 52 weeks 

Table 5 gives m summaiy form an analysis of the pcrfoimances 
of the successful infants at 44, 48, and 52 weeks, and may indicate 
in how many of the successful pcrfoimances we can infer observation 
01 insiglit. At 44 weeks Girl 11 is tlie only one who gives evidence 
of insight by a senes of eiroilcss successes At 48 weeks we may 
count llov A and Giil D. Hov G is a boiderline ease The relapse 
of Girl 11 and Hoy J after tlicii brilliant pcrfoimancc at 44 weeks 

'lAHLE 5 

Anausis or Succtastui Trials in Position A at ■14, 48, and 52 WfcbKS 
Letters ti, b, c, d, etc, indicate successful tiials in orilci "Indicntcs that 
the inctliod was to inill on the long arm only In non-stnrrcd trials there 
w.is nt least an initial push on the short nrm 
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fPrcceded by three successes in position U achieved by puslutig on the 
short arm (rt) with one error, {b) and (c) with no errors Two failures 
in A after 13 (see Table 1) seemed due to lack of interest 
lAfter demonstration 

§Betwecn successes c and J there wa^ one failure due to turning awav 
after correctly pu<ihing on the short arm 
//Preceded by failure in A and success in B 
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was apparently due to emotional maladjustment. At 52 weeks Girl 
II and Boy J both give signs of pioinpt mastery of the situation. 
Boy C shows three errorless successes after the Examiner's demon¬ 
stration. Boy A IS not quite so good as at 48 weeks, but perhaps 
his single brief clockwise pull in trials b and c should not disqu.ilify 
him Girl D's peiformance was maikcd by lack of sufficient inter¬ 
est in tlie bell • on hei second trial when it came m reach she made 
no attempt to secuic it, apparently did not see It. Gnl E’s series of 
erroilcss successes was achieved hy the method of rotating the long 
arm. On Liial c she made the shift fiom the shoit arm to tlie 
long one wlucli wc noted above (p 366) as suggesting obscivation 
of the function of the pivot 

Just .IS Figuic + revealed more than Figure 3 the development 
that preceded 40 weeks, Table 5 .uul Table 6 indicate significant 

TAlilAl 6 

Percentaci' of Infants Who Sitowpd a Scrips of ^^vo or More 
C oNstcunvE SuccFssEs IN Position A, Markpd dy Not 
Mori Tiitn Onp Error 


Age 

in weeks 

Number of 
infants examined 

Percentage showing 
successes ns 
inrlicntcd nhovc 

44 

12 

S 

4S 

11 

18 

52 

12 

42 


developments aftei 44 weeks which arc obscured in Figure 3 Mucli 
more striking than the increase m the pciccntagc of successful infants 
in position A is the increase m the percentage of infants who showed 
a series of two or moie consecutive successes maikcd by not moic 
tli.in one CHOI (Table 6) Hcic the sliaip use occuis between 44 
and 52 weeks 

Shall wc conclude that between 40 and 44 weeks the great in¬ 
crease IS in motoi capacities and that hctwccii 44 and 52 weeks the 
gieat advance is in pciccption? Peiluips this is pait of the truth 
It IS likely, liowcYcr, that a simpler form of perception is developing 
eailier, peihaps wh.it we have called the response to the visual 
structure of the situation At a later age, convciscly, it is Iikelv 
that a continuing incicasc m stability and accuiacy of motor contiol 
facilitates pciccption and is accompanied by incieasc in stability and 
completeness of undeistanding 
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In this development it is likely that maturation plays a funda¬ 
mental role, but that learning also lias a pait. Advancing percep¬ 
tive capacity could be considered an inci casing capacity to learn 
{}o?>i observing a successful pcrfoimancc in the examination situa¬ 
tion Fuitliermore, it seems leasonable to suppose that the infant’s 
activities m daily life may give some oppoitunity to observe pivotal 
relationships more or less analogous to those involved in our special 
problems and may also liave an inllucnce on motoi development. 
"Function enters into giowth” (5), and giowtli makes possible a 
moic advanced type of functioning 
Motivationj Emotional Adjustmentj and Individual Reactions fo 
Thwaiiing In addition to development, with its motoi and pei- 
ceptual aspects and its maturational substratum, another factor that 
influences success is undoubtedly motivation. Success and freedom 
from errors aie measures of motivation as well ns of motoi and 
perceptive capacity Table 1 shows that successful tuaU weie 
frequently followed by failuies This might be an indication that 
success was more accidental than insightful At 48 and 52 weeks, 

however, all the cases where this occuired in position A can be 
ascribed to decline of interest in the lure. At 44 weeks this is true 
of one case out of tliiee. The influence of decline in motivation 
IS more subtly shown in Table 5. In all the four instances where 
four or more successful trials were given and where the second 
trial was errorless, the numbei of eriors increased after the second, 
third, or fourth tiial. 

The probability that success is influenced by emotional adjustment 
to the examination situation has alieady been mentioned in con¬ 
nection with the failures of Giil B and Boy J at 48 weeks after 
their successes at 44 weeks (p. 369) Boy D’s faiUiie to repeat 
his successes of 36 weeks in any later examination might be ascribed 
to his characteristic iintibility, coupled with a strong locomotor 
drive. 

The personality difterences revealed in the reactions to thwarting 
were an interesting incidental aspect of the behavior which we shall 
mention, only briefly here Besides crying, there were persistence in 
a given activity or in vaiied activity directed towaid the goal, simple 
"reductive devices" such as scratching the platform, "compensations" 
such as turning to locomotor activities, and at 48 and 52 weeks a 
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few instances of extending the liand to the Examiner and tugging 
at her smock. 

The Value of DeiminUalion. Figure 3 shows that demonstra¬ 
tion by the Examiner added notliing to the few successes that pre¬ 
ceded 44- weeks Table 2 shows m addition that through the age 
of 40 weeks fewer infants moved the lever after demonstration than 
bcfoic. Apparently demonstration is of no avail unless the motor 
capacity is adequate to the problem When the demonstration was 
merely an addition to .i senes of thwartings, the most frequent form 
of response was fretting, crying, or otlier vocal protest 

Fiom 44 to 52 weeks inclusive, more lesults from the demonstia- 
tion are appaient Yet even heic demonstration is responsible for 
only 23 per cent of the successes. 


TAHL1L 7 

PfRccNTAoc or TEir Prfviousiy UNsuccrssTui, Who Succrriicn avtlr 
D tMONSJIlATlUN AT -li 18, AND S2 WPCKS 


Age 

in weeks 

Number of 
infants 
exommed 

percentage of 
infants who 
succeeded in 

A or B before 
demonstration 

Percentage of 
the previously 
unsuccessful 
wlio auccccded 
after 

demonstration 

4t 

12 

50 

33 

43 

11 

64 

25 

52 

12 

5S 

60 


Table 7 presents the data in an aspect which suggests that at 52 
weeks dcmonstr.ition is consideiably more profitable than at any 
preceding age 

Docs the value of demonstration lie in facilit.Uing insiglit, oi in 
incic.ising motivation, or in both^ 

Theic are six c.iscs of success following demonstration (sec 
Table 1). The two at 44 weeks seemed rathci clcnilv to be due 
to increased motiv.ition i.itliei than to insight The one at 48 weeks 
seemed clue to increased motivation Avhich came fiom .i change of 
lure rathc! than from the dcmonstr.ition. The same explanation 
seems to covci the case of llov E at 52 weeks Giil A’s behavior 
at 52 weeks suggested a fleeting bit of insight, unstable jiartlv be¬ 
cause of decline in motivation or because of fatigue Boy C at 52 
weeks fiiinishcd the only instance in which a senes of successes 




374 


HELEN M. RICHARDSON 


that might be called insightful followed the demonstration, and here 
there was apparently at the same time an increase in motivation 
In genetal, when insight is infeiablc, thiough the ages covered bv 
these expeiiments, it seems to come from the infant’s observing the 
results of his own bchavioi rather tlian from his obseivmg the 
Examinei's manipulation of the lever. 

Summary 

1. Fifteen selected infants ^YCIe obseived at intervals of 4 weeks 
from the age of 28 weeks to one year m a situation wheiein a 
distant toy could be brought m reach by rotating a horizontal lever 
in a counterclockwise direction. The lever was picsented both in the 
median plane (position A) and obliquely (position B) In case 
of failure, demonstration of rotation was given by the Examiner. 

2. Between 40 and 44 weeks the percentage of infants who 
succeeded at least once m rotating the lever to bring the toy in 
reach mcieased from 20 per cent to 67 per cent. By 52 weeks 
It was 83 per cent 

3. Between 44 and 52 weeks the percentage who were suc¬ 
cessful m position A in at least two consecutive trials with not 
more tlian one erioncous move per tiial mcieased from 8 per cent 
to 42 per cent In none of these cases was there moie than one 
trial preceding these relatively erroilcss trials. This increase is 
taken to mean an increase in the number whose successes were 
accompanied by appropriate and relatively stable insight (obseiva- 
tion of the means to success). 

4. When successes were repeated, the records in a number of 
cases make it clear that mastery did not consist in performing always 
the same motor reaction "Appropriate insight" apparently meant 
the development of a more or less vaiiable means of attaining a goal. 

5. Several types of perceptive attitude (or degrees of insight) 
could be inferred from the behavior. Response determined by the 
visual structure of the situation came earlier than appropiiate re¬ 
sponse determined by the physical structure The latter was in¬ 
ferred to develop out of the infant’s observation of the results of 
his own behavior. 

6. Successes were apparently dependent on age (motoi and per¬ 
ceptual development), on motivation, and on emotional adjustment 

7 Demonstration by the Examiner contributed little if any- 
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thing to insight Kcginning at 44 weeks it seemed to have some 
value m adding to the motivation 

8 The results suggest that, if sucli problems as these were to 
be used as tests of development, the part pla 3 'cd by motivation, by 
emotional adjustment, and by socially conditioned habits of meet¬ 
ing dilTicuIties should also be taken into consideration. 
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LE COMPORTEMENT D’ADAPTATAION DES PETITS ENFANTS 
DANS L’UTILISATION DU LEVIER COMME OUTIL 

(Reaurol) 

On a observe qumre petits enfants choisis h intervalles de 4 semaincs 
de dc 23 jusqu'lt I’age dc 52 semaines dans line situation oh lls ont 
pu atteindrc iin jouec lointain en faisnnt tourncr an levter horizontal On 
a prisent6 Ic \evier ct dnna la surface plane midiane (position A) et 
obliquemeiu (position B). Dans le cas d’un essai non reossi, I’ExQminateur 
s donni une ddmonstcation de la cotatioa 
Entre I’Uge de 40 et 44 semaines le poiirccntage des enfants qni ont r£ussi 
dll moini line fois if falrc tourner le levier pour atteinclie le jouct s'est 
accru de 20% ii 67% A 52 semaines 11 a ct6 dc 83% 

On n pu d^duire plusleiirs degree dc eonnatssance approfondie du com- 
poitemcnt. Le succcs dans la position A dans nu moms dent dpreuvea 
consicutiveSi avec non plus d’un mouvement crron6 h chaque dpreuve, et 
avec non pliia qu'une ^prenve prkMant ccs ^preuves, n ^tc considirc one 
Indication d’une connaissnnce appiopriec et lelativcment stable Hult pour 
cent des enfants a aatisfait ce ciiUre a 44 smaines', 42 ponr cent & 52 
scm.iines Des succes rep^t^s n'ont pas compns n^cessaireinent la r6p£- 
tition des mouvementa splcifitiues 

II paralt que ies sueeb ont dependu de I’age (du ddveloppement moteur 
et perceptible), des mobiles, et dc I’adaptation dmotive II paralt que la 
d^monstiation pnr I’Etaminateiir a contribii6 peu on nen A la connaissance. 
A pariir de 44 semaines elle a scmbld avoir quelquc valeur comme addition 
aux mobiles 

Richardson 

DAS ANPASSUNGSVERHALTEN KLEINER KINDER BEI DER 
ANWENDUNG DES HEBELS ALS WERKZEUG 

(Rcfeiat) 

Funfzehn ausgewahlte Kinder wurden in Abstanden von 4 Wochen 
(iwisclien 2S biS 52 Wochen) in emer Situation bcobachtet, wo cm ent- 
ferntes Spielzeug durch das Diehen cines wagereebten Hebels herangezogen 
Werdeit konnte Der Hebei wuide sowohl in dci Mittclebcne (Stellung A} 
als auch schiag (Stelluiig B) gestellt Beim Versngen wurde das Drehen 
vom VI dem Kinde vorgefuhrt, 



BLHAVIOR 01 lNr\N'IS IN USf 01 THl LEVIR 377 


Zwisclicn 'Id und ^ Wtichcn wurde der Prozeiitsatz dcr Kinder, densii 
Es iniiidcstcns cjm/iI Am Hebei m diebcJi und das Spielzeu^ 
hcranziiziclieii, von 20 bii aiif 67 Prozent crhulit Bci 52 Woclicii war 
er 83 Prozcnt 

Melieie Grade von Einsichl konntcn ans deni Verhalten gcschlossen 
werden Em Erfolg in StelliinR A in mindestens zwei niifcinnnderfolgcndeii 
Versiiclic nut niclit inehr als eincr Feblbcwepng pro Versiicli und nut 
nicht inetir als ciiicin Vetiitcli, der dicsen voraiiging, wurde als Zeichcn 
einer passenden iind verlialinismassig stabilcn Einsitht angeselitn Aclit 
Prozcnt der Kinder crfiilltc dieses Keniwcichcn /ii 4+ Woclieii, 12 Prozent 
zu J2 Woclicn Wicderliolte Erfolge bcdciKeicn nicht iiniiier cine Wicdcr- 
linliinR bestiiiiintcr Ilewcgtingcn 

Erfolge uarcii walirsilicinlitb ;om Alter (inotonsclicr Enlwictliiiig iind 
EnlwicHiing dei WaliriRhnning), von dcr Motivicriing, und von der Ge- 
iiuitsanpasiiiiig ahliangii; Dis Vurfiibrcn voni VI trug walirscbeinltcb 
wenig ikr Eiiisidit Iili Voii 41 Wotlien an sibieii cs von Bcdeiitiing, die 
Motiviening /ii erholicii 


Kiciiardsou 



IS THE WALL-SEEKING TENDENCY IN THE WHITE 
RAT AN INSTINCT?* 

From the Detxtrtment of Psychology of Ohio Utmersily 


Jamks R. Patrick and Robert M. Laughlin 


Orientation^ 

For some time now the senior wiiter has been demonstrating to 
general psychology classes under the topic of “instinct” the wall¬ 
seeking tendency of the white rat The demonstration consists of 
putting a young rat (old rat could just as well be used) into the 
narrow entiance of an open^alley maze (see Figure 2, giound floor 
of maze) placed on a table in the laboratory and then to cncouiage 
the rat foiward until he leachcs the p«tit of the maze that opens 
out, the rat is allowed then to wander about over the maze for a 
given period of time, usually about two minutes. Rats will almost 
invariably run along the right (left) wall of the maze until they 
reach the edge then reveisc and come back along the same loute 
traversed while going forward Only now and then will they even 
attempt to go out in the open aiea near the center of the maze 
The phenomenon appears so consistently in rats that have had 
no experience with mazes that it is wont to be teimed instinctive 
or native behavior The senior water, howevei, lias long since 
suspected that the behavior observed is not instinctive but paitiallv 
at least, if not wholly, learned. The hypothesis concerning the wall¬ 
seeking tendency of the white lat has arisen m his thinking something 
like this. Could not the eatly nest expeiiences, in which contacts, 
both with mates and mothei, as well as witli nest materials, along 
With temperatuie conditions, favor the establishment of eaily leac- 
tion tendencies towaid objects and things pei se'^ Again, usually 
the pregnnnt mother rat, whether wild oi domesticated, builds a 
nest of some sort befoic giving biitli to hei young. Thus, the young 
lat vs born into shadowy conditions made so by the nest itselt 

•Accepted for publication by Carl Murcliison of the Etiitoual Board and 
received in the Editoiial Office, July 20, 1933 

The wiiters aie lefraining from summarizing here the literature on 
the topic “instincts ” 
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That is, when the rat’s eyes are first opened he encounters not blight 
open spaces but shadowy conditions such as walls usually afford. 
Now, if this guess is true, rats that are allowed to grow up from 
birth not in ordinaiy nesting conditions but on an open flooi area 
free from shadows, made by excelsior or other nest matenaU, would 
tend to cxploie open areas as well as to run along beside walls such 
as the open-alley maze affords With these things in mind the 
expciiments subsequently reported were earned out. 

Ideal experimental conditions would requiic accuiale temperature 
contiol; aii-niovemcnt control; contact control; even feeding the 
)oiing artificially instead of allowing them to nurse the mother, and, 
fuitlicr, tlie hcgiegation of individuals in tlie litter, control of 
biightncss effects after eves aic open, auditory and perhaps other 
factors would have to be chcclced It will readily be seen that a full 
contiol of all factors mentioned above would necessitate removing 
the young animals very far fiom their ordmaiy life conditions 
Again, to say just what is responsible foi tlie wall-seeking tendency 
in the white lat each of the above-mentioned factors should be iso¬ 
lated and measuied wliile nil other variables arc controlled. This is 
an ambitious task What we have attempted to do is to keep tlic 
animals in as nearly ordmaiy life conditions ns possible and at the 
same tunc control some factors and then sec if the rat will not leave 
the walls in his exploring. If he docs run into the open more 
freely after having grown up m the kind of experimental living 
conditions that we offer him, we can at least say that the rat has 
no specific inherited behavior pattern which makes him cleave always 
to a wall while m a maze situation like the one used in this set-up 

Animals and Technique 

Young rats, along with their motlicr, were placed in an open 
()}ov)tnq-eage at seven days old and allowed to giow up in this 
cage until five weeks old. TJic growing-cage Jloor was made of 
matclicd pine flooring 4 inches in width The boards wcie pulled 
together and nailed so tliat tlie (looi was smooth (See ground 
flooi and side of open growing-cage m Figure 3 ) The walls of 
the cage wcie made of glass of window-pane quality and thickness, 
which was set up on edge in giooves made for that purpose in the 
flooi The growing-cage walls were 20 inches liiglu The box was 
placed on a stand in a position about 4 feet fioin, but facing, a win- 
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dow in the laboiatorv, and a little nearer the right corner of the 
room than the left At the nght end of the cage (as the experi¬ 
menters faced the cage and window) the human eye could detect a 
slight shadow from the room wall whenever the sun leached a 
given point and shone through the laboratory window With this 
exception, the flooi aica of the growing-cage was unlfoimly il¬ 
luminated as far as the human eye goes. Try as we might, we could 
not get this small aiea of the growing-cage fiee of tins shadow unless 
we used aitificial light. This we did not wish to do since we weic 
allowing a contiol group of young rats to grovp up in their nests undei 
ordinary daylight and daikness conditions. The mother rats were 
allowed to stay with tlieir Utters until the young weie old enough 
to eat for themselves. Only one mothci rat and her litter were 
giown in the cage at a time. Really four litters in all weie grown 
in the growing'Cage. Howcvci, data aie reported from two litters. 
One of the two litters reported had six rats, and tlie other had five 
This latter gioup was later reduced to four as one of the rats suffered 
an in 3 UTed leg and lus record is not included. Two litters were sac¬ 
rificed from an expeiimental standpoint in perfecting n technique. 
We started using wire screen for walls but found it unsatisfactory. 
Wc h.ad to handle carefully the motheis and tlieir litters in order 
to keep some mothers from destroying their young It was for this 
reason that we allowed the mothers to remain in the ordinary cage 
for seven days after their litters were born. Some mothcis seemed 
to “resent” being moved to the growing-cage along with their young, 
even after the young were a week old. We tried putting a piegnant 
female rat into the growing-cage some days bcfoie partuiitlon but 
she seemed not to do so well and spent much time gnawing and 
scratching the floor, appaiently attempting to build herself a nest 
Simultaneously with the growing of each of the experimental lit¬ 
ters in the growing-cage, wc had litters growing in ordinary nesting 
conditions The nests consist of wire cages with pans in the bottom 
containing excelsior for a bed Young rats usually stay bui rowed 
in the nesting material for the fiist few days of life As soon as they 
are matuie enough to locomote they come forth and return to their 
bed at “will.” Four litters constitute the two groups in this ex¬ 
periment. Two litters consisting of ten rats make up the experi¬ 
mental group which was grown in the (^cn growing-cage Ten rats 
taken from two litters which were grown under ordinary nesting 
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conditions constitute the control group Tlie groups heicaltcr will 
be spoken of as e\penment(il and covlrol 
The maze patterns used are sliown in Figures 1 and 2 Eacli maze 
floor is marked oft with a pencil into squares and the number of 
crossii^gs made over each squaic during the tests constitutes a rat’s 
record. In the open-alley maze the walls (schcmaticallv shown in 
Figuie 2) are 5 mehes m licight TJie activity maze (see Figure 1) 
was used as a check only after it was obseivcd tliat tlie so-called 
“exploiatory drive” or "activity level” of lats which wcic grown m 
the open growing-cage, wlulc in the opcn-allev maze, apparently far 
exceeded that of the rats grown in the ordinary nest cages. All lats 
wcie fed one and one half (IF^) hours before the test runs were 
given All rats, both experimental and control groups, wcie put 
into the open-alley maze at the age of five weeks Each i.it was put 
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into the maze separately and allowed to remain in the maze foi 
two minutes Two litters, one expeinnental and one contiol, were 
tested at a time In one series the animals from each litter (expeiU 
mental and contiol) were put into the maze in an altcinate fashion 
That is, one rat from the experimental group was followed by one 
from the control. The other two litters, one from each gioup re¬ 
spectively, were not alternated. That is, one rat at a time was put in 
until the whole experimcntal-gioup Utter were used. These were 
followed by all rats (sepaiately, of course) fiom the control-group 
litter A bar was inserted at the end of the entiance alley in the 
open-alley maze to keep the animals out of the nanow channel. This 
forced them to remain in the wide open areas of the maze Tracings 
of each animal were recorded on mimeographed sheets upon which 
were reproduced drawings of the maze pattcin. In older to ob¬ 
serve uniformity in scoiing the maze pattern, record sheets were 
luled off (see Figure 2) so that one could follow the rat’s activity 
along the right ivall, along the left wall, and in the center area 

As was mentioned above, the increased "exploratory drive" on 
the part of the rats grown in the open gi owing-cage prompted us 
to follow up the open-alley-maze tests with the actjvity-mazc tests 
Therefore, each rat, as soon as all rats of given litteis were put 
into the alley maze, was put immediately into the active maze foi 
a period of two minutes and the number of squares covered recorded 

By very careful control of the temperatuie and feeding the rats 
in the open growing-cage seemed to thiive and to grow as lapidly 
as the ones that grew up in the nests. Hence all animals whose data 
are here reported seemed to be in good health at the time that these 
tests were made. 

Results and Discussion 

In order to see if the mean^ number of squares crossed in the 
open-alley maze by the two groups, experimental and control, dif¬ 
fered, Table 1 was made The experimental group shows a mean 
of 61 30 squares crossed, while the control shows only a mean of 
38 50 squares The very noticeable difference in the "exploratory 
drive” on the part of the experimental groups led us to check this 
tendency in the activity maze. The cr differences arc large in all 

®Only group averages with a deviations are given here, individual 
scores of all rats are on file in the Psychology Laboratory of Ohio University 
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cases, but this is to be expected fiom the size of the groups. While 
the diftercnce between the means divided by the standard error or 
the diffeience does not reach the conventional critciion of reliability 
(3 00), certainly the figure obtained (2 58) shows a much gieater 
than chance tendency on the part of lats grown up m the open grow¬ 
ing-cage to explore an open-alley maze more freely than rats which 
have grown up under ordinary nest conditions 

The pertinent point, howevei, with respect to the present problem 
is to be found in Table 2. This table shows the mean number of 
squares crossed along the tight w/iHj along the left loallj and m the 
center area of the opcti-allcy maze. Thcic is no appieciablc differ¬ 
ence between the two groups exploring along the left wall The 
means are about the same, 17.2 and 145, respectively The explora¬ 
tion along the right wall on the part of the two groups js different 
The experimental gioup shows a mean of 27 9, while the contiol 
group has a mean of only 17.4. The last column of Table 2 for these 
means shows a reliability diftercncc of only 1 75, still this figure looks 
like a tendency on the part of the experimental group to explore along 
the right wall more freely than the control group. Since the maze 
was placed in the very position of the growing-cage when the test 
runs were given (it has alieady been mentioned that the right side 
of the growing-cage floor had a shadow at times upon (t), and since 
daily observation showed the rats seemed to huddle during sleep more 
frequently at that end of the cage while growing up, it may be that 
they tended to establish a position or an orientation habit m that 
direction. This point is really against our liypothesis By our 
hypothesis we would expect rats grown up in nests and accustomed 
to shadowy conditions (control groups here) to seek that side of 
the maze more frequently The only definite thing we can say 
IS that the difference between the two groups is not a reliable one. 
Exploration in the center area of the maze is really the crucial test 
in this experimental situation. After all, whether our hypothesis is 
right or wrong the fact remains that the rats which were grown up 
in the open growing-cage ventured forth from the walls of the alley 
maze into the open area enough times just about to meet the statis¬ 
tical conventional reliability criterion of 3, The reliability factor is 
2 96, The chances are over 99 out of 100 that the difference is a 
true one. From Table 2 it seems, we may say, that rats which have 
grown up from very early infancy in an open growing-cage will tend 
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not to seek walls only of an alley maze but will vcntuic out into the 
open aiea oi the center of the maze also; but that lats grown up 
under ordinary nesting conditions wiU venture fortli into open spaces 
to only a vciy slight degree The above statements arc supported by 
the fact that the means of the two groups with respect to the num¬ 
ber of squares crossed in the center area are 17.1 and 6.6, respectivclv. 
Assuming that our samples arc representative, the difference is a le- 
liable one Table 2 again shows the "activity level” oi the "explor¬ 
atory drive" to be gicater for the experimental group than for the 
control in the different areas of the alley maze. This seems to in¬ 
dicate that animals which have had a less circunissciibed early cn- 
viionmciit and winch perhaps liavc had the "fcclmgs” of freer mus¬ 
cular action in romping tend to do moic of that sort of tiling than 
lats which h.ivc not hciclofoic had that opportunity. 

Table 3 fuithcr confirms the icsults of increased "e^plo^atory 
diive” on the part of lats grown up in a relatively large open cage 
when compared witli lats grown up m ordinary nesting conditions 
The difteience between the means of these two groups is a reliable 
one 

Since the experimental group of rats tends to show a icliahic ten¬ 
dency to "exploLe"^ more than the control group, some will say, 
“Docs not the verv fact that they explore more give a greater chance 
probability for tlic actual exploration to take place also in the center 
of the maze^" In other words, is the greater tendency of the experi¬ 
mental group to exploic into the centci maze a function of the 
increased exploratoiy tendency icsulting in an increased activity 
levcP Tile wiicers’ answer to this question lies in the results 
summarized in 7'ablcs 1, 2, and 3 The cxpciimcntal gioup of 
rats explores inoie in all p.tits of the oi)Cti-.dlev m.ive as is },hown in 
Tabic I But while the experimental group is exploring inoic, at 
the same tunc Table 2 shows a much greater jelativc increased ten¬ 
dency to leave walls and go out into the open than just general in- 
ci eased activity could account for The experimental group explores 
moie, but it also explores more in a given area. Compare tlie statis¬ 
tical reliabilities between the means of the two groups with respect 


This mcreasetl exploratory tendency on tlic part of the experimental 
group may he due to transfer CcrtainlY the open growing-cage tins a 
"spaciousness" in common with the nia7es which the oidinary nest docs 
not have to the same degree 
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to the three aicas of tlic maze (right Avail, left wall, and center 
area) The reliability figure for the center area is relatively much 
larger than the figure for the right wall and left wall It seems 
fair to say that a part of this Avholc incicased exploratory tendency 
on the part of the experimental group when compared with the 
control group is due to the fact that they increase tlieir range of 
activity by enteimg tlic ccntci area of the maze, while animals 
that have grown up under more restricted conditions, such as ordin¬ 
ary nest life affords, aie more inhibited about exploring in open areas. 
Different carlv life cxpciicnccs in the Avhitc rat, it seems, account, 
paitialiy at least, for the wnll-seehnu or lack of wall-seckDig ten¬ 
dency on the part of the while rat under the present experimental 
conditions If this is tiue then we cannot say that the wall-seektiig 
tendency is wholly instinctive 

Instead of being a more or less definite specie pallet iied reachon 
("instincts”) determined chiefly by stiuctiiiCj matutolion, and fuiiC’ 
lion, as many le.iction p.itlerns in organisms aic, may we not say that 
early environmental conditions arc largely responsible for the rather 
definite behavior pattern on the part of rats reared in nests of lab¬ 
oratories or in the Avild (if it is true lilcervisc of wild animals) to 
seek the cover of walls in exploring? Our observations bear out 
the results that animals which have grown up in ordinary nest cages 
seem more cautious and appear more timid as they crawl and run 
about than do animals which have grown gradually accustomed to 
brightness and to open areas and have been allowed a freer activity 
in exploring, such as the conditions afforded our experimental group. 
It is our opinion that brightness and perhaps contact cxpciienccs, 
as well as fear of the new, coupled Avith habits of adjustment to 
walls and obstacles, aic chiefly responsible for the Avail-seeking 
tendency of the white lat. In case of extreme brightness effects, 
however, one Avoiiid have to go into the chemistry of the eye for an 
explanation of the avoidance of it. 

Summary 

1 Rats that have grown up in an open growing-cage such as 
the one described in this experiment tend to run out from walls into 
open areas of an open-alley maze more readily than rats grown in 
ordinary cage nests. The difference between averages of distance cov- 
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ered the expcninental and control groups seems to be a true dif¬ 
ference, provided our samples are representatwe. 

2 Rats that have grown up m an open growing-cage manifest 
a statistically reliable greater tendency to evlubit the so-called "ex¬ 
ploratory drive" than rats which have giown up in the oidinary 
nesting cage. 

3 Perhaps the factors of dcgiecs of brightness and early habits 
coupled with timidity about expen'cncmg open spaces as well as early 
conditioning to contacts, temperature, etc., are responsible to a 
great degree for the rathei definite wall-&eeking tendency of the 
white lat grown up under oidirtary nest conditions If this is true, 
the tendency is not a specific instinct in the orthodox sense of the 
term. 


LA TENDANCE A CHERCHER UN MUR CHEZ LE RAT BLANC 
EST-ELLE UN INSTINCT? 

(R6sum^) 

Dea observations repet^cs montrent (|iie les rats biQiics tendent A se dinger 
Ic long des murs d'lm labyrmthc i parcoMrs ouverts (Inbyrmthc ov'i dm 
murs renferment un parcours 4tioit qui m^ne a une plus loige surface 
ovvcitc de \a forme d'xin ovcnlaU) plutot qu’A cVxtrcVier la surface owvectc 
du labynntlic Ce compoitemcnt parnit si constairuncnt chez Ics rats qui 
n'ont cu aucuiic experience dans Ic labynnthe qii’il paiait etre une forfne 
inn^e du comportement On a pos^ la question “Lcs piemi6rcs conditions 
de vie des jcuncs rats, y coinpns tels facteuis que les nida obscurs, Ifs 
contacts avec la m^re, les mitres lats et les matcnaiix du nid, et le manque 
dc I’adaptation graduelle aiix siufaces ouveites, ne pourraient-ellea ex- 
pliquer le tendance A chcrchcr lcs roura?" Pour tester cette hypothese on 
a elev^ des portdes de jeiines rats dans une cage ouverte sans matenaux 
du nid, nyant des muis de verie transparent. On a clevc d’autres portees 
dans 1c8 conditions ordinaires d’line cage contenant un nid Les rats elcv^s 
dans les deux groupea de conditions out cte testes i I’age de 5 semames 
dans les labynnthcs .A paicours oiiverts ct d'Activite Les resiiltnts mon- 
trent que les lats eleves dans lcs conditions de i.a cage ouverte tendent A 
explorer lcs surfaces oiivertes beaucoup plus vite que Ics rats cleves dans 
les conditions ordinaires il’une cage contenant un nid. L’"Impul8ion Ex- 
ploracnce'’ cst constamment plus grande aiiasi chez les lats eleves dans 
la cage ouverte La icndnnce ii chcrcher les murs semblc etre influencee 
par les premieres conditions de vie 


Patrick etLauohiin 



W\LL-SnFKING TLNDFNCY IN niT R \T 


389 


1ST DIE WANDSUCHENDE TFNDENZ HEX DER WEISSEN 
RAI FE EIN INSITNKT? 

(Referat) 

Wiederholte Bcohnchttingcn haben gezetgt, dass iveissc Ratten die Wandc 
ones oficnen Labtniitbs (cm Lnb}rmth, in dem zwet Wandc cinen eng>‘n 
Gang cinsclilicasen, tier zn eiiici wcitcrcn facherlormigcn, olicnen Flachc 
fuhrt) licbcr crforschcn nis die offcnc FUclic IDicse Vcrhaltungiwcisc 
ersclicint so regelin.issiK bci RaUen, welche keinc Erfahning mit Labyrinthen 
gehaht Iinlicn, dnss cs cmc angcborcnc VcrliaU\ing<igcstalt zii scin scbcint 
Die Frage wurdc atifgcwordcn, ob die frulicn Lcbciisv crluillnissc dcr 
jiingen Uallcn, clnschlitssli(.li solchci Paktoren wic sclinttigc Neste, Be- 
riihriingcn mit der Matter, NcstgcEihiteii iind Matcrialicn, und das Fclilcn 
cinci nllm.ihliclicn Aniiassiing an offcnc Flaclicn, die wandsiichcnde Tendenz 
erkl.iren wurden Um dicse Ilvpoibcsc /n erproben, hess man VVurfe von 
jiiiigon RaUen in cinem offenen Kafig nut keintn Ncstniatcnnlien und mit 
Wanden von durchstcUtigcm Glas anfwacliscn Andcrc Wurfe wurden in 
gcwohnliclien NestkaAgeu aufwacliseii Insscn Die Ratten, welche untcr 
den bciden Umstaiulcii wucliscn, ats sic (iiiif Woehen nit wnicn, wurden 
in dem offenen Lnhyrinth und in dem Talickciislabyrinth gcpriilt Die 
Ergcbnissc /cigcn, dass die Ratten, welche in dem offenen Kiiflg niifgc* 
wnchsen sind, offcnc Flacben licber erforarhen nls Ratten, wclihc unter 
gewohniithen Uinatandcn aufgewatbstn smd Der "ErforBchungstrieb’' ist 
auch grossci bci den Ratten vom offenen Knfig Die wandsiicbcndc Tendenz 
scheint durch die fruhen Lebcnsverhalinissc becinHuBst zu scin 
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Historical Introduction 

Nature IS replete with situations in which animals, in their 
natural habitat, are reacting to stimuli which apparently are not 
present at the moment the response is made The tigei stalks its 
prey in the dense undergiowth of tlie jungle, while the domestic 
animals wandei home at feeding time The grey squirrel buries 
nuts neai its home ticc, only to letutn several days later to go 
directly to the spot where the food was buiied and recover it The 
liungry robin reacts to the place whore the worm was last seen 
or heard. Similarly, the cat silently waits for the mouse to appear 
at an open hole, subsequently springing upon the conect hole after 
the mouse has appealed and vanished, Surely these forms of be¬ 
havior, bairing possible olfactory stimulation, fit equally well into 
the pattern of delayed icaction Nor is man by any means ex¬ 
cluded from participating in such behavior. In everyday life man 
IS continuously reacting to stimuli which are said to be beyond his 
perceptual range. In fact, life is a constant stream or ever-chang¬ 
ing mosaic of such activities, many of which are capable of artificial 
contiol, isolation, variation, and repetition 

Such behavior has frequently come to the attention of the psy¬ 
chologist and psychobiologist When the question is raised as to 
just what is happening when one of these reactions occurs, the 
answer is usually immediately forthcoming and apparently extiemely 
simple. “Memory.” But is this not a platitude, and to the more 

*Rcceived in the Editorial Office, July 20, 1933 

^This lepoTt covers one maior topic m a project on motivation and in¬ 
telligence in the rhesus monkey, supported by the Council for Research 
in cKe Social Sciences of Columbia University. 

“This experiment was planned and earned out m cooperation, the junior 
author secuiing .and tabulating the data, both authors being lesponslble 
for the report m its present form. 
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ardent cntic a nacic name for the particular behavior under con¬ 
sideration? Thus several veais the more experimentally in¬ 
clined psychologists, attempted to hung such phenomena into the 
laboratory and study them undei controlled conditions. Tlic first 
studies weie ‘'mcmoiy” and “asMChition’' experiments on human 
beings Later, the comparative approach was attempted, and this 
gave rise to the “delayed reaction” experiments In fact, thcic was 
the conviction that the problem of memory, as all otlier psychological 
problems, might best first be studied in infrahuman organisms, where 
the expcnincntal situation could be bcttci conti oiled and where the 
behavior would appear m its most elementaiy fomi. 

Thus the delayed-reaction expeiimcnt was devised as a means of 
studying memorial phenomena in infraluiman orgam^'ms, although 
it was soon applied to the human as well Associations arc set up 
between some specific stimulus, such as food, light, sound, etc, and 
certain movements or indicators of response on the pait of the 
animal which lead to some incentive When this preliminary as¬ 
sociation is established between stimulus and response, a period of 
delay is introduced between the cessation of the stimulus and tlie 
moment of reaction. This interval is subsequently increased until 
the “maximum” peiiod of deUy is obtained 

Thus the above-mentioned gat-mouse situation would approach 
the laboratory experiment if, as Hunter (21) has suggested, there 
were thiee holes that diffcicd only m their several directions from 
the cat, and if in the past the moubc bad appeared an equal number 
of times at each of the three holes This would leqiiire the cat 
to select between the holes on the sole basis of the immediately 
previous presence of the mouse, if a correct response were to occur. 
If the Cat ivcre then to be dclavcd for a period after the mouse 
had disappeared, this naive set-up would closelv approximate the 
laboratory experiment on delayed reaction, 

Wc liave previously vStated tliat a delayed response is one iii which 
the “determining” stimulus is «ibscnt at the moment of response 
In any such study, two important questions arise, .and each has 
been treated by numerous investigators The fiist of these is the 
question as to how long after the determining stimulus has dis- 
appeaied the animal can delay and still react coriectly The second 
question is concerned with the animal’s method of solving the prob¬ 
lem, I.C., the exact mechanism which is used to insure correct 
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response after the peiiod of delay. Hunlci (21), Tinklcpaugh 
(42), and others have lefeired to this medianism as the "repre¬ 
sentative factor” and have attempted to detcn-nine whether it is 
"motoi,” "scnsoiy,” oi "ideational” Evidence concerning this 
question mav be had from observing the animal in the cxpei imcntal 
situation, noting all cues which arc possibly functional, and by 
aitificially vaiying and otherwise contioUing the situation itself. 

Numerous experiments have been pcifoimcd on organisms of 
different species, ranging fiom tlie chicken and albino to the 
human adult. Tlie maximum peiiod of delay for different species 
differs widely from expeiiment to experiment, and one is puzzled 
to know which, if any* is correct. In fact, tlicrc is almost as much 
vaiiation m results among experiments on a given species as between 
the species themselves. The data fiom these studies seem to show 
that the delay pciiod is bridged eithci by the maintenance of ovcit 
bodily attitudes which foim the basis foi reaction after delay, or 
else by means of some intra-oiganic cue which is eitlier maintained 
during the delay or reinstated shoitly thereafter Tlie earlier studies 
indicated that rats,, cats, and dogs could react correctly aftci delay 
only when the first method was used, whcieas raccoons, monkeys, 
apes, and humans were able to respond coiiectly when such bodily 
orientation was not maintained and consequently must have been 
reacting on the basis of some intra-organic cue Later experiments, 
however, show conclusively that dogs, cats, and even rats can react 
correctly after delay without such ovcit bodily oiientation. 

In view of the seeming chaos and disagreement in the held of 
delayed reaction, especially in the roatteis of maximal delay and 
theoretical interpretation of results, it was decided to attempt to 
deteimine what factors might be operating to cause such wide dis¬ 
crepancies. The writers were of the opinion that peihaps such wide 
differences in method and maximum period of delay were due to 
the particular experimental situation and procedure used m the 
various studies In brief, it was surmised that the animal could 
literally learn to delay for intervals significantly longer than those 
obtained before practice Thus it was decided to devise a lathcr 
difficult experimental situation and, after the animal had unques¬ 
tionably learned to make the correct immediate response, to measure 
the accuracy of the animal's delayed responses before and after 
practice. The expeiiment is thus a study of the effect of practice 
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on the clcla 3 'ed reaction, aithougli the wuters arc of the opinion 
that learning and memory, those two fundamental categories of 
behavioi, not only have much in common, but aic basically tlic 
same process viewed fiom different angles. Perhaps the problem 
of delayed reaction resolves itself into a study of the ability of tlie 
animal to learn to respond to a cue other than the ones which the 
investigator has experimentally eliminated. 

Comparison or Mptuods 

The fiist Attempt to study the delayed response in a controlled 
laboratory situation was made at the University of Chicago under 
the diiection of Harvey A C.irr. The earliest expciimentatioii 
was begun by a giaduatc student, W R Hoiigb, wliose woik was 
cairicd fuither the following year by II 11. Reed. Thc-tO studies 
were never completed but scived as a preliminary to the later in- 
vcstigation of Waltci S Hunter (21), which was canied on m 
the same laboratory fiom Octobci, 1910 to April, 1912 Since 
then numerous cxpciimcnls have been conducted on the delayed 
reaction in laboratories both throughout the United States nnd 
abroad 

Hunter (25) has pointed out the essential features which any 
appaiatus and procedure must embody in order to study the delayed 
response These arc as follows. (1) It must be adapted to the 
size of the animal or subject and its mode of response. (2) It 
must provide a means for presenting a stimulus m one of several 
places. (3) These stimulus places must be equally accessible to 
the response (4) The stimulus and method should be such as 
to present no differential cues to the subject cluiing the interval 
of delay. Attention might hcie be called to the pronounced simi¬ 
larity between the dclaycd-ieaction and multiplc'choicc experiments. 
In the foiinei situation, the number of reaction alternatives is lield 
constant and the peiiod of delay before icspoiisc is vaiicd; wlicrcas, 
in the latter set-up, the period of delay piiur to icsponsc is assumed 
to be constant and minimum and the luimbci or pattern of reaction 
alternatives is varied 

The laboratory metliods which have been used to study the de¬ 
layed reaction may be divided into two gencinl classes 

1. The Carr-Hunter or Indirect Method (the fust to be used) 

2. The Hunter or Direct Method 



394 


J. P FOLEY, JR , AND C. J WARDEN 


We shall briefly describe the distinguishing features of each of these 
two metliods A third Observational or Anecdotal Method might 
be added, although this is a field rather than a laboratory method, 
no attempts wh.Usoevei being made to contiol any conditions. 

The principle involved m the Caii-Huntei oi Indheci Method 
is that of first establishing, by so-callcd “trial-and-ciror” learning, 
an association between an aibitraiy stimulus (eg, light, sound, 
etc.) and a senes of locomotor responses on the part of the animal 
which lead to food As soon as the animal has become positively 
conditioned to the stimulus so that it reacts immediately and cor¬ 
rectly whenever the stimulus is given, delays are instituted between 
stimulus and response. Instead of having the animal react while 
the stimulus is still piesent, the latter is piesented only for a short 
interval, .ind then, after a predetermined pciiod of delay, the animal 
IS permitted to make the response and obtain food. The Carr- 
Hunter Method has been used by Huntci (21), Ulrich (45), Me- 
Allistei (35), and Honzilc (20) on the albino rat; by Yarborough 
(50) on the cat, by Hunter (2l) and Walton (46) on the dog, 
by Hunter (21) on the raccoon, by Rugh (38), Harlow, Uehling, 
and Maslow (19), and in the piescnt study on infrahuman piimatcsi 
and by Hunter (21) on the human child. 

We now come to the second general method of btudying the 
delayed leaction, tlic Hunter Dhect Method, The principle in¬ 
volved in this method is that of utilizing an association, between 
some stimulus and rewaid, which has already been formed by the 
animal, or at least one which is so closely connected with the ani¬ 
mal’s reactional biography that very little training is required for 
Its establishment After the animal has become adapted to the 
experimental situation and has responded a few times, a period of 
delay is introduced between the presentation of the stimulus and 
the locomotor or other lesponse on the part of the animal. This 
direct method has been used by Revesz (37) on the chicken; by 
Maier (33) on the albino rat; by Cowan (9) and Adams (1) 
on the cat; by Tinkkpaugh (42, 43), Buytendijk (6), Nellmann 
and Trendelenburg (36), Kohts (32), Kohler (31), Yerkes and 
Yerkes (56), Ycikes (52, 53, 54), Harlow, Uehling, and Maslow 
(19), Maslow and Harlow (34), and Harlow (17) on infra- 
human primates; by Hunter (25), Tinklepaugh (42, 43), Rugli 
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(38), and Skalct (41) on the human child, and by Harlow and 
Israel (18) on subnormal humans. 

We cannot liere present a detailed critique of these methods, 
although the literature is full of controversies, over the relative effi¬ 
cacy of each We can only mention the most salient differences 
and advantages. It is usually held that the Carr-Hunter or In¬ 
direct Method IS highly aibitrary that the stimulus (light, sound, 
etc ) has no biological connection with food in most animal forms. 
This contention is paitially borne out bv the fact that several 
hundred trials are often required to establish the association before 
the pciiod of delay is introduced. Nor is the indirect method 
adapted to the aniniaPs mode of finding things in nature, m which 
positional cues play so large a idle. The Iluntci Diicct Method, 
on the other hand, is based on a so-called natural action-tcndcncy 
of most animals to go directly to food, or to bury food and later 
recover it wlicn so desned It is less artificial than the Carr- 
Huntci Method, and motivation is more direct, since theie is already 
an association between food and the scnichmg response Hence no 
long learning process is required, which makes it more economical 
of the cxpeiimentei’s tunc Kohler (31) is critical of all mechan¬ 
ical choice training problems, for he contends that they afford no 
basis for insight He maintains that this lack of comprehensible 
connections is the factor accounting for tlic relatively pool showing 
of the primates on sucli tests, i c., that they cannot give evidence 
of insight into the problem but must leam by trial and error just 
the same as the rat and other mammals Buytendijk (6) voices 
the same criticism, namely, that an attempt is made to use an 
association winch has no biological significance for the animal 

In answei to this criticism, exponents of the Carr-Hunter Method 
hold that the so-called lack of sensible relationship in their problem 
is not due to the fact that lights have no biological significance 
for the animal, but rather to the fact that by the use of such a 
method higlici animals, such as the ape, aic reduced to exactly 
the same position as the mammals, and arc compelled to form an 
association from its vciy beginning rather than to icact by making 
use of a situation which has been previously experienced and has 
already acquired a certain "meaning” for tlie animal. Advocates 
of the indiiect method also maintain that this is tlic only procedure 
which adequately eliminates the investigator from the experimental 



396 


J. P FOLEY, JR., AND C J. WARDEN 


situation and standardizes the presentation of the stimulus, thereby 
pioducmg controlled conditions which would be impossible with a, 
direct method 

It IS very difficult to draw the line between the Direct and In¬ 
direct Methods. In fact, such a division is made on a lelative 
and not an absolute basis, since they are not mutually exclusive. 
In fact, many hold that these mctliods are basically the same, both 
involving the use of associations which must be established at some 
time in the animal’s reactional biogiaphy. To be suie, the two 
methods differ in the particulai associations used, but this may not 
be of fundamental significance McAllister (35) has compared 
the difference between the two procedures to that found between 
nonsense and meaningful material as employed in the investigation 
of memory in tlie human subject He contends that, although 
both have been used, the nonsense material is chosen whenever we 
wish to study the memory process under more completely controlled 
conditions. 

The studies of delayed reaction by various investigators indicate 
that the following factors are influential and should be controlled, 
species and number of subjects used, type of association required, 
size and location of release mechanism, number and specifications of 
reaction compartments employed, punishment and reward (motiva¬ 
tion should be optimal, and punishment should be used if limits 
are desired), numbei of tiials daily, time interval between trials 
(should be at least three times as long as period of delay), and 
varying brightness of background. The following precautions should 
also be taken ‘ no cues should be given during period of delay 
or at the moment of release; position habits should be guarded 
against; responses to various compartments or stimuli should be in 
chance oider; ability to delay should be tested by commonly used 
sense avenue; experimenter should be eliminated by a one-way light 
screen; and a high norm of mastery should be required. These, 
together with the foui major lequircments enumerated bv Hunter 
(see above), constitute the most salient features of the typical 
delayed leaction experiment. 

Experiment 

Animals, Six Macacus rhesus monkeys weie employed during 
the course of this experiment. Three of these, animals ^8, f20. 
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and (all females) weie used only m prcliminaiy tests in which 
the puipose was the pcifcction of a method. The icmaming three, 
subjects #2 (female) ||9 (male), and j{18 (female) were used 
in the delaycd-rcnction cxpciimcnt propci These animals were 
members of the pnmate colony of the Columbia Laboratories of 
Comparative Psychology, being utilized for research in connection 
with a project on motivation and intcUigcncc, sponsored by tlie 
Council foi Rcscaich in the Social Sciences of Columbia Univer¬ 
sity. They weie all young and iinm.'ituic (prcadolescent) monkeys 
at the time of purchase and were obtained from .i New York animal 
dcalei. Subjects |2 and ariivcJ at the laboratory in Deccmbei, 
1930, and |18 arrived in Fcbiuaiy, 1931, All were vigorous, 
healthy animals whose iccords may stand as typical. The respective 
weights of the three subjects at the conclusion of the experiment 
wcic as followi* 3019 giams, #9, 3728 giams, .ind Jfl8, 28‘1-9 
ginms 

When fifvSt obtained tlic animals showed no signs of former 
handling They wcic then put through the usual handling and 
gcncial adaptation routine which has been stnndnidized at this 
laboiatory They weic subsequently used as subjects in studies 
on leaining in the Jenkins Problem Hox, motivation by means of 
the Columbia Obstruction Method, and imitation by means of the 
Direct Two-Cage Method Thus by the beginning of this experi¬ 
ment the monkeys wcie unusually coopciativc, and because of their 
past experience as subjects m the above investigations they soon 
adapted themselves to the requirements of the delayed-responsc situa¬ 
tion 

All of tlic monkeys wcie housed throughout the year m separate, 
specially constiucted, indoor cages m the pnmate quarters of the 
laboratory. They were fed three times daily according to the 
stanclaidizcd Columbia weekly feeding schedule for monkeys, which 
includes proper pioportioiis of milk, eggs, whole-wlicat hiead, raw 
fruits, vegetables, togethei with cod-livci oil (Aidex tablets) mixed 
with lactophos. The animals wcie exercised daily m the runway and 
also enjoyed a period of Sunlamp stimulation each morning. All 
routine activities, such as feeding, exercising, cleaning cages, etc , 
were earned out according to a rigid and non-v.aiying progiaiti. 
It might also be added that each monkey wore .x small leather 
Belt around its waist, to which was attached a steel chain approxi- 
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mately 8 inches long. The end of thii> chain contained a metal 
tag beaiing the animal’s colony number and also a ring, used for 
fastening the control cord in the various apparatuses 
Appmfltus The apparatus ui>cd in this experiment consisted of 
a steel cage, 72 inches in length and 30 inches in width, covered 
with a heavy wiie screening of ^-inch mesh (It might be par¬ 
enthetically noted that the cage used m this experiment was the 
lower half of a two-deck cage, the upper half having been of a 
modi/lcd foim for U'ie in testing imitation ) Tlic flooi and ceiling 
were made of veneered flooiing, the latter being coveicd 

with brown Iinoleurn, and all side and intcnoi walU were 36 inches 
high from the surface of the floor. The cage was mounted upon 
heavy, lublier-tired roUcis, making the upper surface of the cage 
floor 7 inches from the floor of the room. 

The entiance to tlie cage was a sidc-hingcd door, 22 inches wide 
and 35 inches high, extending approximately the cntiic height of 
the cage. This w<is also constructed of j4-inch wire mesh, and 
was hardly distinguishable from the remainder of the wall. This 
door was located directly in the center of the front side of the 
cage, each end of the door being 25 Indies from its respective end 
of the cage. There was also a small, hard-rubber drop door, H ]/2 
inches high and 10 inclies wide, situated m the lowei centei of the 
entrance dooi and raised by means of a cord and pulley, although 
this was not used during the course of the experiment. The large 
entrance door swung from the left and was equipped with a special 
bolt which held the door firmly closed at all times The entire 
apparatus was painted with aluminum bronzing. A detachable one 
wav light screen, 72 inches long and 36 inches high, was mounted 
directly against the front side of the cage during the test, so that 
the experimenter was entirely eliminated from the animal's field 
of vision, although he could observe the animal very distinctly. 

One end of the cage contained the stimuli and reaction-alterna¬ 
tives A heavy wooden panel was set in the cage, the wue meih 
having been removed. This panel was constructed of standard 
^-inch lumber, and was 13 inches high and 29^ inches wide, the 
bottom of the panel being 12 inches above the floor and the top 

n inches from the ceding of the cage The entire panel was 

painted a standard battleship grey. The wire mesh above and 

below the panel w.os reinforced on the outside by heavy, brown 
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beaver board, so that the animal was unable to see througli tliat 
entire end of the cage 

The panel contained three reaction and incentive compartments 
together with thcii corresponding stimulus lights Each compart¬ 
ment consisted of a door, 3 inches square, which opened into a 
small boY, the latter being partially open on the back side so that 
the expcnnientei could replenish the incentive whenever necessary. 
A small brass knob or handle was mounted ^ inch from tbc 
top center of each door, and the doors were hinged from the 
bottom and opened toward the animal The three doors were 8 
inches apait, outside measurements, and the two end doors were 
inches fioni their respective sides of the cage. These two 
outside doois, 19 inches apart, were the only ones used in this 
experiment, the knob on the middle door having been removed 
and the door locked shut. E.ich door contained a screw eye oil 
the inner side, to which was attached a strong cord, the other end 
of which was fastened on the back of the corresponding box. 
These cords served as a means of closing the doors after a correct 
reaction and also prevented the iinimal from opening the door when 
an incorrect response had been made, since the cord to the incorrect 
door was hooked ovei a nail and made taut before the stimulus was 
presented 

Directly above tlie center of each of these doois was a circular 
aperture, approximately \j /2 inches in diameter, the bottom of each 
aperture being inches above the lop of the coriesponding door. 
A frosted 25-watt Mazda lamp was situated beliind each of these 
apertures, each lamp being enclosed m separate light-tight com¬ 
partment, although a single lunged board served as a common back 
for all of these compartments so that they would be icadily ac¬ 
cessible to the experimenter if the occasion should dcmaiui Each 
aperture was covered vvith milk glass on the inside of the light box 
so that a more constant and diffused light was to be had 

At the other end of the cage were two reflectors, containing a 
frosted 100-watt and clear 10-watt bulb, respectively These re¬ 
flectors were inches in diameter and were situated as closely 
together as possible, one on cither side of the median line of the 
cage. The centers of the bulbs were approximately 18 inches from 
both floor and ceiling of the cage These lights were used for 
general illumination and for signal of the release of the animal 
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following delay (see Genetnl Method). A heavy cord projected 
through the middle of this end of the cage, just above the floor 
level This was attached to the subject during the experiment, 
and the animal could thus be released or drawn back at the will 
of the cxperiincntei This end of the cage was adjacent to the 
wall of the room, the lattci scivitig to obstruct completely the 
animal’s vision. 

The three stimulus lights were wired in separate circuits so that 
each could be turned on and off as desued. They were operated 
from a control board containing three single-throw switches, one 
for each circuit (only two of which were used). The two general 
illumination and signal-of-relcase lights at the other end of the 
cage were also wired separately, with snap switches in easy reach 
of the experimenter as he stood at the oontrol board. 

Procedure. Experimental work was conducted daily fiom 2’00 
to 4:30 PM in the special test room The animals were well 
motivated at such a time, having been without food for at least 
SIX hours. PieUiiunaiy investigation was begun in February, 1932, 
and the last experimental data weic taken in July of the same year. 
As has been stated above, the purpose of the preliminary was the 
perfection of a method, especially as to ways of training, contiolHng, 
and releasing the animals, and as to what periods of delay to Ube 
with this particul.ir experimental situation. Animals §8, j|20, and 
|22 were used m this connection. Let us now briefly summarize 
the procedure finally developed and employed in the experiment 
proper, in which monkeys #2, J9, and |18 acted as subjects We 
need only mention the fact that adaptation to the laboratory, keeper, 
other experimenteis and lescaich situations, and to the present in¬ 
vestigator had already occurred before the beginning of this study 
The method employed, like all indirect methods, can be divided 
into training and testing procedures. We shall consider each of 
these in turn. The subject was transported to the experimental 
room by means of a specially constructed, drop-door carriage, the 
animals having previously been trained to jump into and out of 
this carriage whenever the door was opened, and thus did not have 
to be touched by the expeiimenter. Having placed the .inimal in 
the apparatus and attached the snap of the control cord to the ring 
of the animal’s chain, the investigator closed and loclced the entrance 
door and placed the one-way light screen across the front of the 
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cage. Tlic lights of the room wcie then turned off and an electric 
fan was staited. This furnished r constant noise, or sound screen, 
which served to eliminate any chance auditory cues or distractions. 
The two doors to the incentive boxes were then opened, and food 
was thrown through botli doois. The subject, being released each 
time from its usual position at the far end of the cage, ran forward 
and piocurcd the food from the flooi, directly below the stinnulus 
panel. This pioccdurc lasted foi nvo days, 30 trials being given 
eacli day, and served as a general adaptation to the apparatus and 
expeiiincntal situation. 

Dining tlic next tliiee days the procedure was modified so that 
the animal, when lelc.iscd, walked forward and took tlie food from 
the hand of the expeiimentcr The incentive was presented m 
chance order, and both doors icmamed open .vt all timcb. The 
stimulus light above the correct door was turned on before and 
dining the trial The 10-watt lamp burned constantly during the 
entire experiment, serving as a general source of illumination. This 
light was chosen so that it would allow the stimulus lights over 
the doors their maximum lelativc brightness and consequent atten¬ 
tion-getting value, and yet provide adequate illumination for the 
observation of the animal subject. The 100-watt lamp remained 
off during the presentation of the stimulus and was turned on 
simultaneouslv with the release of the animal In later trials the 
monkey became so conditioned that this light served as a signal of 
release, thereby eliminating any cues which might otherwise have 
been given by the experimenter in such a process Immediately 
after reaction, this lamp was turned off and the subject was drawn 
back to the far end of the cage 

On subsequent days the training procedure was modified as fol¬ 
lows* On the sixth dajs 30 trials were given in which the ex¬ 
perimenter dropped out of the situation entiiely, the incentive being 
placed directly m one of the two open stimulus boxes, and the 
animal leacting accordingly. Care was taken to allow only one 
reaction each trial, since there was a tendency for the subject to go 
to both boxes regardless of the correctness of his ciioice Tlie next 
(seventh) day, the mcoirect or non-food door was closed and 
fastened, the animal going directly to the open door. The light 
over the correct door was always on during these choices, and 30 
trials were given per day The next step (eighth day) was to 
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exhibit food at the “lighted” dooi, after which it also was closed, 
and the monkey was required to react without the incentive’s being 
present at the moment of response Starting with the ninth day, 
both doors were closed and the animal had to react to the light 
alone. This was continued for ten days, 300 trials, and marked 
the final step in the transition from direct to indirect method. Thus 
18 days were devoted to the tiaining pioccss, with a total of 540 
trials for each animal. At the end of this time the association 
between stimulus light and incentive had been thoroughly estab¬ 
lished, since no subject made more than 3 eriors in tlie last 150 
of such trials. 

The testing procedure was tlien begun. The stimulus light was 
turned on over one of the doors and remained on for a peiiod of 
5-20 seconds, depending on when the subject attended to it In 
no case was it necessary to present the light longei than 20 seconds. 
The light was then turned off while the animal was looking at n, 
and the predetermined period of delay was begun This guaran¬ 
teed that the animal's actual delay would begin when the experi¬ 
menter’s stop-watch was started rather than at some arbitianly 
selected time when the subject was not looking. At the conclusion 
of the period of delay, the 100-watt lamp at the rear of the cage 
was turned on and the animal was released to make its choice If 
the responses were correct, the monkey opened the door and ob¬ 
tained the incentive, after which it was gently pulled back to the 
fiir end of the cage If incorrect, the animal found the door locked 
and returned witliout food, and the lOO-watt lamp was turned 
off, prior to another trial 

Thirteen trials in all were given per day, 10 of these being 
actual test trials, whereas 3 (the 1st, 5tli, and 9tli) were trials 
in which the animal made a direct response to the dooi while the 
stimulus light was still on These were given so as to renew the 
light-food association from time to time and to enhance motivation 
It also served as an additional check on the animars original train¬ 
ing Thirty test trials were given on each period of delav, 3 days 
of 10 trials each. The two stimuli were presented m chance oidcr, 
the following schedule being followed 

First day of delay . . RLRLLRLKRLRRL 

Second day , LRLLRLRRLLRLR 

Third day , . RLLRLRRLRLLRR 
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A period of 2 minutes intervened between adjacent trials. This 
IS in conformity with tlic suggestion made by Adams (1) and otheis 
to the eftect that the period between successive trials should be 
at least three times as great as the period of delay itself, In order 
to guarantee that the animal is reacting to the stimulus light lathei 
than to the door wherein food was obtained on the previous trial 
The following periods of delay were studied in oidci: 10, 0, 
3, 6, 10, 15, 20, 30, 40, 6, and 10 seconds. Attention is called to 
the fact that, on the basis of its previous record, animal j|9 w.ns 
dropped during the delay penods of 30 and 40 seconds, and the 
subsequent delays of 6 and 10 seconds were not administered (see 
Resiilis) It will be noted th.it the 0-sccond delay, for evamplc, 
hcic means that the animal was released when the stimulus light 
was turned off, and not when the animal reacted The same is 
tiue for all the other delays, m that all delay periods arc leally 
longer than stated, since the monkey’s rcaction-iimc is not included. 
By noting the general trend in results on a given delay period as 
well as from period to peiiod, some indication of the effeetb of 
practice on delayed reaction might be obtained. 

In addition to the number and percentage of correct responses 
made on every 10 trials of each pciiod of delay, daily observations 
weie recorded concerning any additional features of the animal’s 
behavior which the investigator deemed important, After each day’i 
trials, the animal was returned to its cage, given a few poppy seeds, 
and fed its aflcrnoon meal. The incentives used in the experiment 
proper were raisins and small slices of banana on the learning 
trials and banana and small cubes of apple on tlie test trials These 
foods have been found to offer the best motivation for work on the 
monkey and are in standard use in the Columbia Iiiboratoncs 

Controls, Watson (49) has cntici/cd Hunter’s dclaycd-rcac- 
tion experiments on the ground th.'it the box in which the light 
last .ippeaied might have risen in temperature, or else the rise 
might have been sufficient to incicasc the diffusion of gaseous pni- 
ticles which in turn would arouse the olfactory receptors. In such 
a case, the animal would be merely discriminating between the two 
or more stimuli on the b.isis of thermal or olfactory sensitivity 
rather than performing a delayed response to a then absent stimulus 
In the present experiment, however, these possibilities were entirely 
avoided The light bulbs themselves were of comparatively low 
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intensity (25--\vatt Irostcd) and both weic enclosed m a separate 
box entirely isolated from the leaction cage. Nor was the stim¬ 
ulus light evei presented foi a period longer than 20 seconds, and 
the exposure was usually considerably slioitci. Tlius all secondary 
thermal and olfactory cues from the stimulus iiglits were eliminated. 

Food was always placed in both boxes duiing test trials, and 
thug no differential olfactoiy cues fiom the incentive itself were 
offered since the odor of food would be diffused equally in both 
boxes. Tlie close proximity of the two reaction mechanisms would 
also make it difficult for the subject to obtain diffcienlial cues m 
any modality. A seiics of test trials was luii m which food was 
absent from both boxes, and this failed to show any effect on the 
accuracy of the animal's choices. The only othci olfactoiy cues 
would be the scent from the animal’s own body remaining on the 
door last used. This is very impiobabic, and, if such were the 
case, It would result in a simple position or alternation habit and 
the subject could ncvei meet the cntciion. 

As previously stated, auditory cues were eliminated by the use 
of a sound screen provided by an electric fan. Secondary visual 
cues from the apparatus were ruled out by making both stimulus 
doors as nearly identical as possible and by rotating the presentation 
position of the. stimulus m chance oider Visual cues fiom the 
experimenter and other objects external to the cage weie eliminated 
by the use of a darkened loom and one-way light scieen The 
light signal for release served to exclude any tactual cues given by 
the experimentei m release. The two-minute peiiod between ad¬ 
jacent tiials guaranteed that the animal was reacting to the stim¬ 
ulus light rather than to the box where food was obtained on the 
previous trial, 

With the above controls in use, it was concluded that all reactions 
must have been based on cues not provided by the external situation 
We shall consider this question at greatei length in the later dis¬ 
cussion 

Results, A glance at Tabic 1 will show that tliere are wide 
individual difterences m the ability of the thiee subjects to react 
correctly after delay, and that these differences are manifested both 
in the original 10-second period (before practice) and in every 
period thereafter (after varying amounts of practice). There was 
But one major exception to the tendency for the thiee subjects to 
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TABLE 2 

Showing the Percentage op Coirect Rbactions on Each or the Three 
10-Second Delay PiRioos, Together with the RELtADiLiTY of the 

DiFrcttENCc DETwrEN THE PiRSF Two Sucii Intervals 

Data are given for each of the three subjects and for the group as a whole 

lO'Second delays PE (dilT 1-2) 

1 2 3 

(before (after (after D 

Animal practice) practice) practice) X> 


itlg 

57 

30 

93 

23 

11 62 

1 98 

S 2 

63 

100 

93 

37 

8 SI 

4 20 

t 9 

+7 

57 

» 

10 

12 80 

78 

Ay. 

56 

79 

_ 

23 

6.77 

3 40 


^Dropped (position habit). 

retain the s<ime relative rank in abilitj' to react correctly after vary¬ 
ing periods of delay Thus animal J2 was the highest through 
the delay periods up to and including 25 seconds, whereas animal 
}j:18 was the highest on delays of 30 and 40 seconds. This reversal 
may be attributed to learning or practice cftcci, as we shall later 
point out. 

Although no attempts were made to obtain ultimate limits of 
deUyj so-called "immediate” limits were obtained in the case of 
two subjects. Witl\ a criterion of 80-pcr-ccnt correct out of 30 
consecutive trials, the maximal delay for subject §2 was somewhere 
between 20 and 25 seconds. Subject JO ncvei met the criterion, 
its best performances being 70- and 60-pcr-ccnt coriect choices on 
the 3- and 6-sccond delay periods respectively This animal de¬ 
veloped a position habit toward the middle of the expeiimenl and 
was dropped. Subject |18 met the criterion during the 40-sccond 
delay, and no further attempt was made to obtain an upper limit. 

As stated in the introduction, tlie primary object of this experi¬ 
ment Avas to study the effects of practice on the delayed response 
There is no doubt hut that the data show positive practice effects. 
If Ave compare the scores (percentages) made by each animal on 
the three lO-second periods, i c., before and after practice, we find 
marked learning effects Thus the three subjects made scoics of 
57, 63, and 47 per cent respectively on the oiiginal 10-sccond 
peiiod, and scores of 80, 100, and 57 per cent respectively on the 
second 10-sccond delay period. For the first two subjects (S18 
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and U2) the rehnbilities of the differences arc remaikably high, 
considciing that only 30 tiials weie given.® If wc take the average 
for all three subjects, we find an inciease from 56 to 79 per cent 
of correct choices between the two lO-secoiid delay periods, the 
difference of 23 being more than three times its P.E. This average 
ditterence is all the more significant since it includes the data for 
subject |9, who responded with chance accuracy on both occasions 
(47 and 57 per cent respectively) 

The third lO-sccond interval was given ns a check on tlie other 
two, since It came after a period duiing which the monkeys had 
been making compaiatively low percentages of correct reactions on 
longer intervals of delay The results show that wliatevcr learn¬ 
ing had been accomplished was of a permanent nature, since both 
animals scoied above 90-per*ccnt correct choices. It might be added 
that tlie immediately preceding 6-sccond interval of delay was ad¬ 
ministered as a kind of “shock absorber” so as to eliminate any 
disturbing factors (e.g., position or aUernation habits, discourage¬ 
ment, lack of motivation, etc.) should they have existed 

A second major evidence for the effect of practice can be seen 
by inspection of the table of results It will be recalled that every 
three days a longer interval of delay was introduced, thereby in¬ 
creasing the difficulty of the problem, regardless of the absolute or 
relative proficiency of the subject In general, there was an inverse 
relationship between the percentage of correct reactions and the 
length of delay. If no learning whatsoever existed, a perfect cor¬ 
relation throughout would be expected. It is needless to say that 
such was not obtained Of especial interest is tlic record made by 
subject jfI8, whose percentages of correct choices decicascd as the 
delay period was lengthened to 25 seconds, at which time she was 
responding with chance accuracy (57 per cent), On the even 
longer delay period of 30 seconds, however, this animal made an 
average of 80-per-cent correct responses, and maintained this average 
during the succeeding 40-bccond interval Thus it appeals that 
with the other subjects (Jt2 and ^9) the experimenter increased 
the difficulty of the problem at a tatc which exceeded the rate 


^Formula for standard error of proportion or simple sampling of atiri- 

' PiQi P,Q, \ 


biites was taken from Yiile (57), p 269 


/ E^i, = 


+ 


N 


7 ) 


A^ 



408 


J. p FOLEY, JR , AND C. J. WARDEN 


of learning of the animnl, whereas subject fllS learned moie rapidly 
and thereby on one occasion was able to uicrease her percentage 
much more than the expeiimenter increased the difficulty of the 
problem. As to exactly how this was accomplished, we can only 
conjecture The writers venture the opinion that the animal may 
have learned to utilise some other cue or substitute stimulus which 
was more effective in eliciting tlic correct response. This sugges¬ 
tion IS in conformity with the usual "explanations” of rises follow 
ing plateaux in the learning cuive on the basis of "charge in 
method.” The rather sudden nsc in the cuive is similar to what 
the Gestaltists have teiraed "insight,” but this philosophical ter¬ 
minology only a name for a simple stimulus-response phenomenon. 

We might heie mention a possible criticism or "objection” to the 
method and results hciem icpoited, viz., the fact that the fiist 
10-second interval consisted of only 30 tiials, while the second 
might be thought of as consisting of the preceding delay periods 
of 0) 3, and 6 seconds, ranking 120 trials in all. This is not an 
objection or criticism in the least, but exactly what the investigators 
intended, since the effect of practice was to be studied The mam 
reason for selecting these interpolated delay peiiods, rather than 
giving all tiials on the same lO-sccond interval, was the fact that 
this is the standard pioccduic inaugurated and used by Hunter and 
is usually considered better since the difficulty of the problem is 
increased gradually. The question as to whcthei there would be 
more or less practice effect if the delay interval were held constant 
still remains to be investigated Nor can t!ie diftctcncc between 
the two 10-sccond intervals be attributed to adaptation, recovery 
from shock or fright, etc The long pielimmaiy adaptation and 
training piocess in which no animal made moie than 3 errors in 
tile last ISO tiials is enough to preclude any such possibilities. 

A third evidence of the influence of practice lay in the slight 
tendency for improvement during the 30 trials of any delay period 
Inspection of tlie lesults will show that theie is a slight though 
consistent positive trend. The average increase for the three sub¬ 
jects as a group is positive in almost every case, although too much 
reliance must not be placed on the average in such a small group 
It will be noted that this inciease is not exhibited iii the 40-sccond 
delay period, possibly on account of the reduction in motivation 
occasioned by the long delay. Similaily, thcie is no impiovement 
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in tlie last 6- and lO-iecond periods since the animals have leached 
sucli a degree of proficiency that there is relatively little oppor- 
tunity for improvement 

Theie was a tendency for the monkeys to react more slowly as 
the problem became more difficult, i c., there was a positive cor¬ 
relation between reaction time (post-rclcnsc and pre-icactioii pciiod) 
and the period of delay, although no quantitative records of tins 
phenomenon were taken throughout the experiment. Thus cluiing 
the shorter delays the animals reacted almost immcdiatelv after 
release, the only time intervening being that rcquiied to traverse 
the length of the cage On the longer intervals, ho'vcvci, the 
reaction time became much slower, and on r.sre occasions was as 
long as 8 seconds. During such a pciiod the monkey would slowly 
appioach the two doors, look m both directions, and finally choose 
one, often making a quick “slap” at the handle as if it were a hot 
object. 

Lastly, let us consider the cues or bases of reaction used by the 
vaiious animals The data here consist of obscjvations of the 
animal's general behavior. In no case did the experimenter observe 
the monkey to maintain a gross bodily set, posture, or overt attitude 
during the delay period In fact, many disorienting inoveincnts, 
cries, etc, always intervened between the presentation of the stim¬ 
ulus and the release prior to reaction. Each rnimal had an almost 
idiosyncratic mode of behavior during the delay period Animal 
j|18 usually clung to the rear of the cage grill, facing the iclcasc 
signal and general illumination lights and with her back to the 
reaction panel. She would turn her head to see the stimulus light 
and then look in the opposite diicctiun. Animal #2 was a ratlier 
“nervous” and “neuiolic” animal and would sit on the floor look¬ 
ing at the stimulus light, after which she would bite at licr legs 
and chain, often going through various contortions Animal 
was a rather slow-reacting monkey who usually sat and gazed at 
the ceiling and walls of the cage during the dcl.iy period Thus 
the experimental evidence indicates that at least two of the mon¬ 
keys reacted correctly on the basis of some oflier cue or substitute 
stimulus, the ej^act nature of which cannot be determined from the 
data collected in this study 
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L’EFFET DE L'EXERCICE SUR LA REACTION RETARDEE CHEZ 
LE SINGE RHfiSUS 

(Resume) 

Les auteurs diacutent les travaiix antcriciirs clans Ic domame de la re¬ 
action retard^e et comparent les diverses mdthodes de laboratoire em¬ 
ployees (1) Carr-Hunter ou M6thorie Indirectc, et (2) Methode Dlrecte 
de Hunter. 

L’intdret principal de cette 6tude a ct6 I'eiTet de I'exercice siir la rfeponse 
retardee, en utilisant la Methode Carr-IIuntcr ou Mdtliodc Indirectc Les 
sujets oni trois singes rhSsus macaques pre-ndolesccnts Apres avoir 
entrain^ les animaux A choisir entre deux portes celle ou-dessus de laquelle 
une lumiire comme stimulus s'est montr^e, on a commence des epreuvei 
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de tc^c ou un mtervallc dc retard s'eit interpose entre la cesantion de la 
hinuerc ct la liberation de I'animnl avant la repon'^c Lcs intcrvallca 
suivanta de retard ont etc ctudics en ordre. 10, 0, 3, d, ct 10 sccondes, 
avee 30 epreuves de teat dans chaque intervalle dc retard On a employ^ 
divers controlcs 

Les resiiltats montrent un effet marque dc I'cxercicc snr I’habilet^ de deux 
dc9 trois sujets ^ repondre corrcctement apres le retard II y a eu unc 
augmentation pionuncec dei reponses corrcctca dans I’lntcrvalle dc retard 
de 10 seconder quand cet intervalle a pr^cedi de tests sur lcs plus 
courts intcrvallca dc retard. D'ailleuis, dans n'lmporte quel intervalle 
donnd de ictard il y a cu nrdinairemcnt line petite tendance au pcr;fcc- 
tionnemcnt pendant lcs 30 ^preuvos de cet inieivallc L’animal a tendu 
rcagii plus lentcmcnt comme lcs retards sent devenus progressivemcnt 
plus longs II n'a pas fait la reaction sur la base dc la posture manifeste 
du Corps 

Foi.ly et Wardbk 

DIE WIRKUNG VON UEBUNG AUF DIE VERZOEGERTE 
REAKTION BEI DEM RHESUSAFFEN 

(Rcfernt) 

Die Verfasscr besprechen die Fachlitcratur aiif deni Gcblet der ver* 
vogerten Rcaktion, und vcrglcichcn die vcrscliicdencn cxpcrimcntellcn 
Methoden, die gebraiicht wiirden (I) Carr-Huntcr oder die indircktc 
Metliode, und (2) Hunter direkle Methodc 
Dus Hauptintercsse an dicser Untersuclumg war die Wirkung von Uebiing 
auf die verzogcitc Rcaktion Die Carr-IIunter oder indircktc Mcthoile 
ivurdc angewendet Diei schr jimge Macacus RhesuSiTlIcn warden gc- 
braucht Naclulem die 'Iiere dressiert wurden, eme von /wei Turen zu 
wahlen, uber der das Reizliclil erschicn, wurden Probeversuclie vorgenom- 
incn, bei denen cine Verrogerung zwischen dem Aufhorcn des Lichtes und 
dem Loslassen dcs Tierea eingcscliobco wnrde Die fojgcnden Zwischen- 
zciten wurden untersucht 10, 0, 3, und 10 Sekunden init 30 Versiichcn 
bei jeder Veizogcrungs/cit Verschiedcnc Kontiollen wuidcn angewendet 
Die Eigebnisse i^eigen einc bcstimmtG Ucbungswirkung in der FahigkcU 
/wei Oder drci Tierc, nacli der Veizogerung richtig zu rcagieren Es war 
cine aiisgesprochcne Zunahmc der richtigen Renktionen in der Verzogc- 
lungszcit von 10 Sek, wenn Pnifungen mil kiirzeien Vcr/ogcruiiRszclten 
diesen Pnifungen vorangegangen waren Im ubrigen war geisohniicli eine 
kleine Neigung ziir vcibesserung inncrhalb irgeiulciner gcgcbcncn Ver- 
zogerungs/cit wahrend der 30 Versuche jencr Zwisrlicnzcit Es faiul sicli 
cine Tendenz dcs Ticics, langsamer rn re'igicren, wenn die Ver/ogcningon 
fortschreitend Linger wurden Die Rcaktion crfolgtc niclit auf Gniiul der 
oilcnbaren koipcrliclicn llaltung 


Foi ry UND Warden 



STRING-PULLING BEHAVIOR OF THE CAT'* 

From the Psycholoaual LaOoratory of Bi own Ui<vcrsity 


C. K. Trueblood and K. U. Smith 


The present note recoids a repetition and amplification of experi¬ 
ments made by D. K. Adams (1), dealing with the abilities of cats 
to obtain food in situations which rcqniic horiTXintal stiing-pnWing. 
The devices used by Adams included a cubical cage, without bottom, 
of IJ^-inch wire mesh, with top and sides 1 yard by 1 yard, the 
lower edges of the sides being slightly raised above the floor. Strings 
weie so laid on the floor as to emerge from this cage as indicated m 
d, B, C, D, of Figure 1. To one of the strings was attached food, 
or a small pan containing food. 



FIGURE 1 


In situations such as these, Adams reports, cats are able to dis¬ 
criminate strings to which food is attached from strings to which 
no food IS attached, whether the unattached stiingii aie arranged 
parallel to the loaded string, as m B, or whether they are made to 
converge upon the food, as in Cj oi whether the loaded stung is 
Urd in the form of an L, as in D. The cat also, according to Adams, 
readily obtains food in the situation indicated in A The reported 
distance separating the ends of the non-loaded strings from the food 
varied from 5 to 8 cm. Among Adams’ conclusions are tlie follow- 
mg: 

Some cat9 did learn to pull strings, and in most of these cases 
one success was sufficient to accomplish perfect learning (1, 
p 122) 

With proper introduction and adaptation of the animals to 

^Accepted for publication by Leonard Carmichael of the Editorial Board 
and received In the Editorial Office, June 28, 1933 
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the experiment room find to the situation of bcim; alniic therein, 
all cats \vould learn to pull strings in the situations used, and 
most of them would learn with one success. (1, p 122 ) 

The hehnvior of most of the animals in the horizontal string 
pulling problems permits the inference of practical ideas In 
most of these cases maximum efficiency appeared in the second 
or third experience (I, p. 155) 

So fai as can be ascertained from the experiments repotted by 
Adams, these declarattons are based on obscivations of relatively 
few animals with relatively few tiials given to a single animal— 
one tiial only with some animals. Tlie cxperimentci was also at 
times in the experimental loom at the moment of response of the 
animal, no controls being spccifitallv indicated as to wlicthci this 
fact did 01 did not aAcet behavior Noi aic controls mentioned 
of olfaction, oi of position habits as possible inducnccs aftccting the 
pciformances, and, although the dcsciiptiun of behavior implies that 
discrimination was visual, no controls arc submitted demonstrating 
its visual character 

Since such experiments as these seem important, at least in afford¬ 
ing premises for arguments that cats and otlici of the lower mammals 
are capable of "insight,” a repetition and slight extension of Adams' 
experiments in hoiizontal strmg-pulling has been attempted, the 
effort being to answer two questions (1) Can the cat, m one trial, 
develop a visually determined response habit to a stung to which 
food IS attached; (2) can it, m one trial, visually discriminate such 
a string from one or more similai strings placed nearby with no 
food attached^ 

The arrangements described by Adams wcic duplicated in the 
first part of the piesent experiments as nearly as available facilities 
permitted Modifications were later intioduccd, these will be ex¬ 
plained hereafter. The cage used was of the dimensions and ilesign 
already described The food was placed m a shallow circular white 
pan, 5 inches in diameter, to which was attacliecl a white string. 
In making the strings,, white cheese-cloth was rolled into strands and 
then braided The result was a soft, closely packed, binidcd stung, 
approximating 1 inch in diameter. Unattached or noii-loaded strings 
were of the same sort as the attached or loaded strings and the length 
of all strings was so regulated that no matter where emerging they 
would extend at least 1 foot beyond the edge of the cage Used 
strings were frequently teplaced with fresh ones Cage, strings, 
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and food-pan were placed in the center of an expeiimental loom, 
upon a pressed-wootl base, 3/16 of an inch thick, painted black, and 
extending 2 feet beyond the edges of the cage 

The cat, when released fiom a small wooden restraining cage con¬ 
trolled from outside the room, proceeded tovvaid the expeiimental 
cage, where, if successful, it obtained the food by clawing out the 
string to which the food-pan was attached. Raw liver, cut in y^- 
inch squares, was the food used m the cailicr pait of the experiments. 
It was later leplaccd by an equal amount of canned salmon. When 
the cat had eaten the food it was at once icturned to the release 
box and the piocedure lepeated. The animal was always alone in 
the room from the moment of its leleasc to the moment it had 
finished eating the food. Observations and motion pictures of its 
behavior were made from an adjoining room by means of a small 
aperture in the dooi. Experiments were earned on between nine 
and eleven o’clock in the evening, an average of ten trials being 
given in each experimental session 

Common cats of unknown pedigree were used Some of them 
had been previously used in puzzle-box and other experiments, but 
none had paiticipatcd m stiing-pulling under cxpciimental conditions. 
They had been confined to the laboratory quaitcrs for two months or 
more prior to the experiments hcic reported and during that time 
had been fed with milk and with a mixed diet of cooked meat scraps. 
For the duration of the experiment, however, they had only milk 
and the food obtained in tlie couise of the experimental sessions. 
This ordinarily sufficed since ten or more tiials were given daily. 

Sincle-Strino Experiments 

Four animals weie successively introduced to the experimental sit¬ 
uation by being fed three consecutive evenings in the centei of the 
experimental room near the cage. They were then required to obtain 
food by clawing out a single stung to which the food-pan was at¬ 
tached, and which emerged from the cage in the manner already 
described. Cat 1 obtained the meat in this mannei m a first trial 
lasting 11 minutes and 31 seconds, cat 2 m a first trial lasting 7 
minutes and 23 seconds. Cat 3 failed to solve the problem in l5 
minutes and was then removed from the room. It obtained the 
food the next evening in 9 minutes and 20 seconds Cat 4 required 
SIX consecutive l5-minute trials on as many evenings before it solved 
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the pioblcm, the successful pcifoimancc being made after 12 minutes 
41 seconds during the seventh 15-minutc trial. 

These animals were then given additional trials in which 
the position of the string was changed from one side of the cage 
to another after each trial. None of the cats learned to proceed 
immediately to the side of the cage where the string lay. All of 
them pcisisted in clawing at empty sides of the cage, particularly at 
that side where the string had been in the last preceding trial. Cat 
1 eliminated this tendency only after the 20tli trial, cats 2 and 4 
at the l6tli trial. Cat 3 had not eliminated this tendency at the 
12th tiial, when it was transferred to a multlplc-stiing situation. 
Motion pictures were taken of this behavior. 

Eight additional animals, none of which liad been used in any 
piioi cxpeiiments, weie now submitted to tlic single-string situation. 
They were not fed in the experiment room bcfoic being presented the 
problem Of these animals, cat 5 succeeded m 1 minute 47 seconds, 
in the second trial, cat 6 in 2 minutes 50 seconds, also in tbc second 
trial. Of the remaining six cats, thice bad not solved the problem 
after eight successive 15«minutc trials, and the other three had not 
solved It afcci ten such trials These animals were all active. All 
of them clawed at various empty sides of the cage thioughout the 
trials, as well as at the general region of the cage where the string 
emerged. 

Cat 6 was given additional tiiaU in which the position of the 
string was changed fiom one side of the cage to another after 
each trial Tins animal frequently made the characteristic error of 
clawing at empty sides of the cage The time it icquired to obtain 
the food in successive trials with rotated position of the string was: 
first trial, 2 mmutes 50 seconds, second tiial, 2 minutes 44 seconds, 
thud tiial, 4 minutes 31 seconds; fourth trial, 4 minutes 45 seconds; 
fifth trial, 2 minutes 47 seconds; sixth tiial, 1 minute 15 seconds; 
seventh tiial, 42 seconds. 

These experiments suggest that the preliminary feeding at the cage, 
which is possibly what Adams means by "proper introduction and 
adaptation of the animals to the expeiiincnt room,” plays a significant 
role in the apparent solution in one tri.il of the single-string problem. 
But the performances of tire cats in those situations in which the 
position of the string is lot.ited about the cage throw doubt upon the 
assertion that the behavior permits the mfeiencc of so-called ‘‘prac- 
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ttcal ideas" in cats, at least of “practical ideas” that the loaded 
string is an object to be pulled m order to obtain food. If the phrase 
"practical ideas” has any meaning in this connection, such “ideas” as 
the cat possesses would seem to be of movements to be made in cer¬ 
tain regions of the situation, movements which distinctly cannot be 
?aid to have an infallibly direct perceptual reference to the string, or 
to be exclusively determined by vision, else the cat would more 
promptly respond to changes in position of the stiing. We do not 
mean, of course, that some cats may not be able to learn, by a senes 
of trials and errors, or even by that acquisition m a single trial 
which IS termed "insight,” to respond promptly and on a demon¬ 
strably visual basis to changes in position of the loaded string, or to 
discriminate visually a food-loaded string from non-loadcd strings 
placed nearby. We do mean that none of the twelve animals per¬ 
forming in these first experiments gave convincing evidence in a 
single trial of visually determined specific responsei to the loaded 
string ns an object to be pulled in oidcr to obtain food. 

To gam information as to whcthci cats could learn, either by 
a scries of trials and errors or by “insight,” to respond visually 
to a string as an object to be pulled m order to obtain food, and 
to discriminate visually a food-loaded string from non-loadcd strings, 
the experiments were continued by submission of the animals to 
multiple-string situations, some being the same as those employed 
by Adams, and some being additional. 

Multiple-String Experiments 

Four animals, cats 13, 14, 15, 16, were presented with the five 
multiple-string situations indicated as A, D, C, E, in Figure 2. 
Arrows indicate the path taken by the animals in approaching the 
experimental situation. Table I summarizes the peicentages of cor¬ 
rect responses exhibited by each cat in each of the five arrangements. 
Trials are shown at the extreme left of the table Notations at the 
bottom of the table indicate experiments in which the positions of 
the loaded and non-loaded strings weie reversed in successive trials. 
An error was counted if the animal responded to a non-loaded string 
by touching it 

Cat 13 After being trained in the single-string situation already 
described, this animal was presented with the multiple-string situation 
D, the positions of the loaded and the non-loadcd strings lemammg 
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FIGURE 2 

constant througliout successive trials, and the animal being slightly 
punished whenever it responded to the non-Ioadcd strings by being 
immediately removed fiom the experimental situation Under this 
treatment it learned to discriminate the loaded from the non-loadcd 
strings within 40 trials. No time rccoids were taken for these trials, 
but the successful behavior of the animal after 40 trials had been 
given was recorded by motion pictures, 

This cat was then presented with the multiple-string arrangement 
A The three strings occupied the same position throughout all 
trials, the ends of the non-Ioadcd strings being separated from the 
food-pan by 5 or more inches in this and all other multiple-string 
experiments described herein. Throughout the first five trials the 
animal pulled both non-loadcd strings before pulling out the food- 
loaded string. During the third five trials, and henceforth, it 
responded to the loaded string alone. Motion pictures were taken 
of the first twelve trials The time the animal required to secure 
food diminished gradually from 35 seconds on the first to as low as 
10 seconds on the last trials In general, in this and the other 
multiple-string experiments, elimination of responses to non-loadcd 
strings took place gradually In first trials the cat would drag the 
non-loaded strings completely from the cage Latei it merely touched 
the non-loaded stiings, when responding to them. Ultimately it even 
ceased touching 

Gai H This animal was not trained in the single-string situa¬ 
tion but was submitted directly to the multiple-strmg situation A 
after being fed for three consecutive evenings in the cxpciimental 
room near the cage The three strings occupied the same positions 
throughout all trials. After eight consecutive dailv trials of 15 
minutes each the cat learned to obtain the food by immcdinlclv 
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clawing the loaded stiing from the cage. On the 9th trial the animal 
obtained the food after 2 minutes 20 seconds On the 11th trial this 
time increased to 3 minutes and 24 seconds By the 25th trial 
the time had decreased to as low as 9 seconds. The reduction 
of error during the 30 tiials is indicated in Table 1 Motion pictures 
were taken of the behavior of t!ie animal in this situation. 


TABLE 1 

Trials and Percentage or Corrfct Choices Made dy Each Cat during 
Ten Trims in Situations A, B, C, D, E 


String 

arrangement-^ 
Trials Sn 

A 

Sl4 

SlS 

B 

filS 

c 

Sl6 

D 

#13 

#IS 

E 

#15 

0- 10 

0 

20 

* 60 

60 

* 0 

0 

0 

• 0 

10- 20 

100 

SO 

SO 

100 

so 

10 

0 

0 

20- SO 


80 

100 


so 

40 

0 

40 

30- 40 





so 

100 

0 

30 

40- SO 





60 


0 

10 

SO- 60 





90 


0 

0 

60- 70 





70 


0 

0 

70- 80 





80 


0 

0 

80- 90 





80 


0 


90-100 





80 


0 



*Expcrimenta in which the positions of the strings were levcrsed m each 
trial. 


Cai 15 This animal was trained in the single-string situation and 
then presented with multiple-string situation A. With this animal, 
however, the positions of loaded and non-loaded strings were regu¬ 
larly interchanged duiing successive trials Beginning with the 
20th trial the animal discriminated the loaded from the non-loaded 
string, irrespective of position The time required to obtain the food 
decreased gradually from 15 seconds on the first, to four seconds 
on the last trial Motion pictures were taken of the behavior of the 
animal, 

This cat was next piescnted with the multiple-string situation B, 
the relative positions of loaded and non-loaded strings icm.unmg 
constant throughout all trials. In the first ten trials the animal re¬ 
sponded SIX tunes to the non-loaded string before pulling the loaded 
string from the cage Thereafter it responded to the loaded string 
alone The time required to secure the food decreased gradually 
from 18 seconds on the first to 7 seconds on the last trial. 

The animal was next presented with the multiple-string situation 
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D, the position of loaded and contioi strings lemaimng constant 
throughout successive trials. The eiror of responding to non-loaded 
strings was made in all 100 trials given this animal In 92 of the 
trials the cat responded to both non-loaded stiings bcfoie pulling the 
loaded string. 

Finally, this cat was presented with the multiple-string situation 

E, the positions of loaded and non-loaded strings being inteichaiigcd 
aftci each trial In only 8 of the 80 trials given did the cat icspond 
to the loaded string without previously responding to one or more 
of the non-loaded stimgs In six of these eight “correct” trials the 
loaded string lay at the side of the cage nearest the entrance and 
hence fiist in the animal's path as it appioached the cage turning 
towaid the light, as it invaiiably did The other two “coriect” 
lesponses weie also on the right side of the cage. 

Cat 16 This animal was tiained m the single-string situation 
and then piescnted with multiple-string situation C, the positions 
of the loaded and non-loaded strings being icverscd during successive 
tiials. Aftci 100 trials the cat exhibited SO-per-cent-correct 
discriminations of tlie loaded string. The tunc taken to obtain the 
food decreased from a mean of 10.3 seconds in the first ten trials to 
a mean of 7.7 seconds in the last ten trials Motion pictures were 
taken of the bchavioi of the animal m this situation 

While the results of the foregoing experiments aic suggestive 
rather tlian conclusive, it is nevertheless apparent that these cats 
could not m one trial respond selectively to a food-loaded stiing 
placed among non-loaded strings Within certain limitations they 
could learn, or apparently learn, to do so in a scries of trials and 
errors, but tlie limitations throw doubt on the assumption that 
the selective responses of the cats to the loaded string were based 
wholly on "piactical ideas,” visually derived, of the loaded string 
as an object to be pulled in order to obtain food 

To assume, as Adams apparently docs, that the c.it can in one 
trial exhibit an “insight" into the multiple-string situation, or a 
“practical idea” of the loaded string as an object to be pulled in 
order to obtain food, necessitates, we believe, tlie furtlier assumption 
that the cat is capable in one way or another of visually perceiving 
the contimnty of the loaded string and the dmonitnuiiy of the non- 
loaded strings with the food-pan or the food. Discrimination as 
prompt and accurate as this could, we believe, be on no other basis 
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But if the cat possebses such a capacity for visual response it should 
be able to act accoidtngly, no mattci hoiv the stnngs are arranged, 
provided the aiinngcracnt peinaits cUai vision of the essential con- 
tinuitics and discontinuities involved, and we believe that it docs in 
all the multiple-string situations herein dcacrihed. 

But the behavior of these c.its in the situations dcsciibed, while 
suggesting that some form of visual response may have been a 
factor in the -ultimate successes of the animals, la nevertheless far 
from demonstiating tliat the responses in question involved visual 
perceptions of continuity and discontinuity of loaded and non-loaded 
strings with the food-pan If these responses had involved such 
perceptions, there ought to have been no marked variation in the 
capacity of single animals to respond disciiminatively in difterent 
types of multiple-string situations. Yet theie deaily was such vaiia- 
lioii. It is obvious that these cats moie readily learned to dis* 
enmmato a loaded stiing m a situation which involved two strings 
than in one which involved more. And they did better In a situation 
mvolvicig parallel strings than in one \vhich the loaded string was 
angled or bent before it etnerged fiom the cage Fuithci, it is clear 
that the ability of the animals to respond selectively to a loaded string 
was less affected by altering the positions of loaded and non-loaded 
strings m a parallel-string situation than by such interchanges m the 
more complex situations described 
From this behavior it would appear that there is an alternative 
to supposing that tlie cat’s successes aie due to its perception of the 
continuity of the loaded string with the food-pan. One may as 
easily, or perhaps more easily, suppose that the cat’s apparent visual 
responses to the loaded string and food-pan arc really visual responses 
to the food-pan alone, and the animal solves the multiple-string situa¬ 
tions presented to it, not by immediately perceiving the continuity of 
the loaded string and food-pan but by learning (by a seiies of trials 
and errors) to take up certain positions with lefercnce to the food- 
pan, and then go through what are, in the early trials at least, more 
or less random clawings having but little diiect perceptual reference 
to the string, the result of this process being in successive trials the 
continual and gradual decrease in non-cftectivc acts. 

Such an inference has support not only from the fact of the fre¬ 
quent and useless fumblings of all animals at empty sides of the cage 
in the single-string situation, but also from the characteristic errors 



STRlNG-l'UU.INC, BEHAVIOR IN TILL C \T 


423 


of scvcial anitiials in the miiltiplc-stiing situations Cats 13 and 15 
furnish examples of such eriors Cat 13, tiaincd in 40 trials (with 
punishment) to select onl) the loaded stiing in the hent-string 
situation D, was submitted to the parallel-string situation A For 
10 of the 15 trials required to initiate the mw liabit, the animal 
consistently piocecded fiist to the fe^ion of the cage where the loaded 
string had emerged in the previous bcnt-stiing arrangement rathci 
than to the stiing that was now visibly continuous with the food-pan 
Similar beliavioi could be observed in the peifoiinanccs of cat 15. 
This animal was trained, in approximately 30 trials, to select the 
loaded string in tlic paiallel-stnng situation A, the positions of 
loaded and non-londed stiings being Interchanged dunng successive 
trials It was then presented with the hcnl-string situation D, in 
which the food-pan appeared in line with one of the non-loadcd 
strings but with the inner end of the non-loadcd stung visibly 
separated from tlie food-p.m by a distance of 5 Inches In 100 trials 
the animal did not icain to distinguish the loaded fiom the non- 
loaded stiings It pulled always those stilngs which lay in line iinth 
the food-pan bcfoic it pulled the loaded string The behavior of this 
animal in multiple-stiing situation E is also significant in this con¬ 
nection The food-pan m this latter situation was placed in the 
center of the cage and hence equidistant from all sides of tlic cage, 
though visibly continuous with one string and visibly discontinuous 
with the thicc other strings by at least 5 inclics. Tlie cat made no 
progicss with this problem in the 80 tiials given, whereas in othei 
multiple-string situations in which the food-pan was displaced fiom 
the center toward one or another of the sides of the cage the aiiininl 
made definite progress towaid a solution of the pioblem in less than 
80 trials In performances such as these It vv’ould seem that no true 
visual discrimination of loaded from noii-loaded strings takes place 

In view of these coiisidciations, the question naturally arises• Is it 
possible to anangc an experimental situation in which the cat will 
develop dcmonstiably and exclusively visual responses to the con¬ 
tinuity between the loaded string and the food-pan or to the discon¬ 
tinuity between the non-loadcd stiing and the food-pan? In an 
attempt to find this out two additional cats wcie subjected to tlie 
double-string situation F shown m Figuie 3. 

The cage was moved to the side of the loom, the animal being 
thus compelled to revcisc its steps after making an incorrect clioice 
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FIGURE 3 

The base of the cage was so ai ranged that the food-pan could be 
retuinecl alw.iys to the exact center of the cage. Special strings were 
cut from white felt, 1 inch wide and of such lengths that 

loaded and non-loaded stiingg extended the same distance outside 
the cage. As before, clean strings were fiequently substituted for 
used ones to control possible olfactory influences. The end of the 
non-Ioaded string, which was invaiiably separated fiom the food-pan 
by at least 10 inches, was attached to the base of the cage by a small 
invisible liook so that the animal in lesponding to the string would 
be slightly punished by not being able to pull it The positions of the 
loaded and the non-loaded stiings wcie inteichanged in irregular 
ordei after each trial. 

The results arc shown in Table 2. Of the two cats submitted 
to this situation, while one developed 76-peT-cent correct discrimina¬ 
tions of the loaded string in 250 trials, and the other 60-per-cent 
accuracy in 375 tnals, neither ever showed the perfection of response 


TAPLE Z 

Percentage or Correct Choices aHD Average Time in Seconds during 
Series or 25 Trials in Situation F 


Subjects 

Trials 

Per cent 
correct 

#17 

Average 

tunc 

Per cent 
conect 

#18 

Average 

time 

0- 25 

12 

10 6 

20 

34.4 

25- SO 

28 

97 

40 

10 8 

50- 75 

2+ 

83 

24 

13.1 

75-100 

8 

78 

20 

116 

100-125 

+8 

10 5 

40 

110 

125-150 

32 

10 7 

36 

11 8 

1S0-17S 

IS 

10 2 

44 

11,1 

175-200 

36 

10 2 

32 

92 

200-225 

52 

118 

36 

97 

225-250 

76 

11 8 

48 

9,4 

250-275 



68 

84 

275-300 



64 

82 

300-325 



72 

12 6 

325-350 



60 

12 6 

350-375 



60 

92 
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which one would leasonably expect of animals responding visually 
to the continuity of loaded strings and food-pan and which, we 
believe, is ncLcssanly implied by “insight” or by “practical ideas” of 
loaded strings as objects to be pulled m order to obtain food. It is 
true that controls of the pcifoim.mccs of cat 17 show'cd that the 
distance between the end of the non-loadcd string and the food-pan 
was to Some extent a factor in the disciimination Tims in 25 trials 
given this animal with the end of the non-loadcd string scpaiatcd 
fioin the food-pan by 5 instead of 10 iiiches>, acciiiacy of rc*.ponsc 
dropped to 64 pei cent, using to 100 per cent in 15 succeeding trials 
in which the usual 10-inch interval was rcstoieJ. Again, in 15 trials 
in which the end of tlie non-loadcd string was separated from the 
food-pan by 2 inches, accuiacy of icsponsc dropped to 53.4 per cent, 
rising again to 80.7 pci cent when the lO-inch intcival was icstorcd 
Yet when the method of control was slightly ch.'inged, for example, 
with the substitution of a food-pan, like the usual 5-inch pan in all 
respects except that it was 2 inches in diametci instead of 5, the 
distances between the end of non-loadcd string and food-pan re¬ 
maining 10 inches as before, accuracy of response dropped to 33 1-3 
per cent, ilsing again to 84 per ce»« m 25 trials with rcstorntion of 
the original food-pan. 

The fact is thus appaient that the supposed visual lesponses of 
these two cats to continuity or discontinuity of loaded and non-loadcd 
strings with food-pan could not have been exclusively or even sig¬ 
nificantly visual peiceptions of such iclations, since tlicse animals 
patently lacked the accuracy of performance which responses of this 
sort would necessarily involve Far from the cat’s being able in 
one trial, as Adams rcpoits, to disci iininntc accurately a loaded 
from a non-loadcd string when tlie cml of the non-loadcd string lies 
as near as 5 c?7i to the food-pan, wc find that tins response i^ still 
equivocal after 250 tiiaU have been given one animal and 375 tiials 
anotlicr animal with the end of the non-loadcd stiing^ as f.u as 10 
inches from the food-pan. 

Summary 

Fourteen cats were trained and tested m various situations requir¬ 
ing the animals to pull strings in order to obtain food “Successful” 
lesponses were secured in certain situations, but when the situations 
weie altered bv the elimination of extraneous clues upon the basis of 
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which position habits liad presumably been established, the responses 
were found to have no iclevancc to the continuity oi discontinuity 
of the stiings with the food Fuitlici, wlicn two additional cats 
wcic trained for approximately 300 trials each undei altered con¬ 
ditions, equivocal responses weie still obtained, even though the 
food and the inner end of the unattached strings were separated by 
as much as 10 inches. Moreovei, in such successful responses as 
wcie attained by the animals in these situations one success was not 
‘‘sufficient to accomplish perfect leaining", nor did maximum 
efficiency appear in “the second or third experience In general, the 
behavior of the animals in these situations does not appeal to require 
the inference of eithei the “ideas” oi the “insight*’ implied by Adams 
On the contrary, like the performances of the cat m another experi¬ 
ment reported fiom this laboratoiy (2), such successful responses 
as were achieved appeared as a result of the gradual elimination of 
iion-eftective acts—that is, of tnal-and-erior learning. 
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LE COMPORTEMENT DU CHAT EN TIRANT DES PICELLES 

(Resume) 

Dans la repetitions dc cettaines cxpiriences de D K Ad.nns, on ei 
entrain^ ct test^ qiiatorzc chats dans des situations ou il a fallu que les 
anitnaux tlrent des ficelies poui obtenir de la iiourntiue Lcs chats oni 
obtenu la nournture cn tiiant des ficellcs dans ceitnines de ces situationa, 
mais qiiand on a change ies situations dans lea experiences de contrdle en 
climinant les reperes sur la base desquels ils auiaient 6tabll leiiis habitudes 
de position, les r^ponses n’ont inontrc auctine relation avee la continuite 
de la hcclle corrccte n> avec la discontiniiite des Hcelles incoirectes avec 
la nournture D’ailleiirs, quand on a entratne deux nutres cliata, chacun 
dans approximallvement 300 ^pieuves dans des cotidilions semblablei, on 
a toiijours obtenu dcs r6ponsc6 Equivoques, bicn que la nournture et lea 
bouts int^rlciirs des heelles incoirectca aient EtE sEpaccs de la longueur 
de dix pouces D'aillcuis, dans les reponses rcussics obtenucs, un siicccs 
n’a pas "suffi pour accomplir nn apprentissage pprfait,” comme Adams 
avait dit, En general, le compoitement des ammnux dans ces situations 
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ne necessitc ni la siipposilioii dcs “idces" ni cclle dc la “connaissance np- 
piofondie" donnies ^ cniendre par Adams Les r^ponse'^ rcusaies QUcmies 
SG sont montrecs comma r6<»ultat dc relimination gradiiellc des notes non 
effectifs, e'est-ii-dire, par hpprentissagc “essai ct crreiir” 

TRurnioon et Smith 


FADENZIEIIENDCS VERHALTEN DER KATZE 
(Rctcrat) 

Bei (Icr Wicderliohing gcwisscr Expcrimente \on ]) K Adams wurden 
vicrzchii Kaucii drcssicrt und in Sitiianoncn geprufr, ^vo die 'lierc Faden 
Ziehen mussten, um Nalinmg zu lickommen Die Kntze crhiclt die Nnli 
rung dwrcli daa Ziihen dti Fnden in einiRcn m\ dicscn Sitnationen, ahei 
wenn die Situation bci NachpriiRingsdcperimciUen diirch die Aussclialiiiiig 
der Lcitfadcn vemndert wiirde, auf Griind derer Stelliiiigsgewolinhciien 
wahrsclicinlicli gelcrnt wutden, ktttn die YcrhalUingawciscn kcinc Wicli- 
tigkeit in bc/ug auf die Vcrbundcnlieit dcs nclitigeii Fadens oder die Unver* 
biindenheit der iinrichtigen Faden nut der Nahning, Weiter, wenn nocli 
zwci Kat/en zii ungefnhr 300 Proben, jede unicr densclbcn Umslnnden, 
dressier! wurden, warden unbcstimmtc Rcaktloncn noch crliaken, obgleich 
die Nnhnmg \ind die mneien Endcn der imnchligen Fadcn bis auf lehn 
ZoH getrennt wurden Iin ubrigen war cm Erfolg bei erfolgreiclien Reak- 
(lonen nicht hinrcichend, iim perfekt zu lernen, wie Adams heliaiiptet hnt 
Im aligememen erfordert das Verhalten dieser Tiere m diescn Situationen 
die Folgeriing von weder "ideen” noch von "Einsicht,” was von Adams 
aucli behauptet wiirde Solche Reaktionen schicncn das Resiiliat einer all- 
mahlichen Ausschaltiing mchtwiiksamer Akte, d, h durch Veraiich und 
Fchler, zu sein 
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THE SPREAD OF THE INFLUENCE OF REWARD TO 
CONNECTIONS IRRELEVANT TO THE 
LEARNER’S PURPOSES^i 


Edward L Tiiorndjke and thr Staff of the Division of 
Psychology, Institute of Educational Rfsearch, 
Teachers College, Columbia University 


We have shown elsewhere that a satisfying after-effect not only 
strengthens the connection which it immediately follows and to 
winch It belongs, but also stiengthcns to a much less degice connec¬ 
tions near enough to the lewardcd connection though these arc 
themselves punished. The satisfving after-effect docs not, m this 
spread of its influence, act logically, but m a natuial, not to say 
mechanical, wa 5 ^ It acts directly, not by viitue of any secondary 
behavior on the part of the subject, wlio would be no more likely to 
repeat or othciwisc cheiish punished connections neat to the re¬ 
warded connection than those remote fiom it. 

In the picsent scries of experiments we inquire whether a satis¬ 
fying after-eftect will also spicad to connections which aie con¬ 
temporaneous with the rewarded connection and unpunished, but 
irrelevant to the Icarnei’a purposes. 

The experimenter instructs the subject as follows: 

I shall say a word, you will say .my number from 1 lo 6 
fis soon as joii he.nr the woul, You will also say any letter 
Then I will say another word and you will say 1, or 2, or 3, 
or 4, or S, oi 6 as before and <my letter, but you must not use 
the same letter twice in succession and you must not use any 
device or sequence of letters like a foi the first woid, 1) for the 
second word, c for the third word, d for the fouith word, 
etc You can alw.oy3 choose any number from 1 to 6 ns you 
please, but the letters that you choose must not be chosen by 
any system, After you have said a number and letter, I shall 
say “Right*’ or "Wrong" This announcement of "Right” 


•Received in the Editorial Office, June 9, 1933 

’The investigation reported in this article was part of a general investi¬ 
gation of learning made possible by a grant from the Carnegie Corporation 
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or “Wrong” refers to the numbers only You will not have 
to be told whether any letter is right or wrong, because, ns a 
matter of fact, none of the letters is right and none of them is 
wrong They are not to be learned as the numbers arc, but nre 
for an entiiely different purpose You understand that the best 
that you can possibly expect to do in the first trial is to get 
one right out of every sit Moreover, going as fast ns wc 
do with rather difficult mnterinl to remember, you must not 
expect to get anywhere near peifcction in the small number of 
trials that wc make The money payment made to you as n 
bonus after encli division of the experiment will show you how 
rapidly you are learning We shall also tell you the total 
number of rights made by you in each division of the experi¬ 
ment The number you would get by chance is 33 Conse¬ 
quently anything over that means learning 
Wc will do a pinciicc senes to make sure ihnt you hnvc the 
procedure in mind and to show yon about the rate at which the 
woids and numbers will be said. 

The subjects were 24 adult students, to whom the money was an 
important matter The materials used were 24 sets, each consisting 
of 40 woids, for e-ich of whtch some number from 1 to 6 was called 
"Right,” the other five numbers being called "Wrong*’ ns responses 
to that woid A subject was put through a series of +0 five times 
without stop He then had a icst of about two minutes during 
which he was told his score and given his money bonus. This was 
repeated set aftei set for an hour On later days, usually in three 
more sessions, the rest of the 24 sets were used in the same way. 

The experimenter said a word, recorded the number and letter said 
by the subject, and announced "Right” or "Wrong,” the total tunc 
for such a unit averaging 3 56 seconds and varying fiom 3.1 to 4.0 
seconds according to the quickness of response of the subject. 

The woid-number connections to which the satisfying "Right” 
and money payment are attached aie strengthened in all tlic subjects. 
This does not now concern us, except as evidence that the satisfying 
after-effect had potency 

Our present interest is to discover whether the connection be¬ 
tween a certain word and the letter which the subject used with the 
number as his response was strengthened by the reward, which 
referred only to the number 

Wc compare the percentage of repetitions of the same Letter m 
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response to a word in cases wlieic the. niimliei in the response was 
rcwaidcd by "Right” and money, with the coiresponding percentage 
m cases whcie the numbei was punished by “Wrong” and no money. 
We measure first the influence of single and first occuiicnces only 
"riiat IS, we use the influence of tual 1 upon tiial 2 in all 960 con¬ 
nections, the influence of tnal 2 upon tual 3 omitting the cases of 
all connections which were identical in tual 1 and trial 2, and the 
influence of trial 3 upon tual 4, omitting the cases of all connections 
in tual 3 which weie ulentical with those opeiating m tiial 1, oi 
in ti lal 2, or in both ^ We shall study the double and treble oc- 
cunences latei. We reserve the influence of trial 4 on trial 5 for 
I possible later study. 

Table 1 presents the facts in its first six columns and the compari¬ 
son in column 7 (differences m strengthening in favor of the word-> 
letter connection contemporaneous with a ictvardcd word^numbei 
connection) 

The totals for all 24 subjects give .281^= 0031 (PE.) as the 
probability of repetition of a letter attached to a rewarded connec¬ 
tion and .242±,0014 (P.E.) as that of a letter attached to a pun¬ 
ished connection. The difference 039 is ovei 10 times its probable 
enor (.0034) In 17 of the 24 subjects there appeared a positive 
Influence of occurrence along with a rcwaided connection® The 
mean difference is 4 0; the median is 2 3.'* 


^Identical here means liaving the same word and the same number; ths 
letter might be the same oi dinerent. 

^The exact nature of the connections ending In a letter said need not 
concern us They may be, and piobably are, different in diffeient indi¬ 
viduals, Common forms probably aie 

(1) woid-»number 
word\Ietter 

(2) word->number->letter (these will vary according to the prominence 
of the word-to-letter and number-to-letter elements) 

(3) word->numbcr->lettcr 

(4) word->number I must say a letter too-^Iettor 

In some forma, in which the saying of a lettei is ta^on caie of by a habit 
or habits highly independent of those concerned in listening to the word 
and choosing a number, the attachment is very slight, No. 4 above verges 
toward such a condition. In some forma, such as No 1 above, where 
the letter Is almost a co-response with the number to the same situation, the 
attachment is very close All that concerns us in this investigation is that, 
whatever the different sorts and degiees of attachment may be, the average 
result differs for attachment to rewarded and to punished connections It 
will be an interesting investigation to analyze individuals’ connection forms, 
and correlate the differences in these with differences in the amount of 
spread. The seven subjects vrho showed no evidence of spread may well 
have used forms of connection to letters different from the seven who 
showed large amounts of it 

We have also carried out computations separately according as the 
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In spite of the fact that they were told that the letters could be 
ncithci light noi wiong and made no difference in the score, some 
of the subjects said the number and the letter to themselves when 
the former was called right, if they had time to do so before the 
next word was said by the expeiimentei. However, those who did 
not do so showed nearly oi quite as large diffeiences as those who did, 
Apparently their repetition did not connect the letters with the words. 
To check fuithei on this, we have repeated the experiment with 
five membeis of the Institute staff who were instructed never to 
repeat word oi letter and to prevent such fiom echoing as a memory 
after-image in the mind One of the five did not succeed in the 
latter, another was so disturbed by efforts to avoid repetitions and 
echoes and association of letteis with the words that there was no 
influence of the reward in his case. The other three gave the fol¬ 
lowing results for the influence ot one occuirence. 

With a rewarded woid-mimbcr connection 8 24S, D 1007, % 19 6 
With a punished word-number connection S SS4, D 4601, 16,1 

The difference (3 5) is little below that (3 9) for the group of 
Table 1 

We may then assume that, if all the 24 subjects had followed the 
instructions and paid no attention whatevei to the letters save to 
say one after saying a nurahei, the spiead effect of urelevant associa¬ 
tion with one rewarded connection would still have been nearly 30. 

We may also consider the superior strengthening of the word'^lct- 
ter connections associated with lewarded word'^number connections 
in comparison with the supciior strengthening of rewarded word-> 
number connections over punished wordnumber connections in the 
same person. Columns 8 to 14 of Table I piesent the facts and 
comparison for the woid->number connections comparable to those 
of columns 1 to 7 for the woid"^letter connections 
The facts for the totals are as follo\^.** 


first occurrence was in trial 1 or in tiial 2 or in trial 3 It makes no 
demonstrable difference 

®The percentages of repetition for rcwaidcd word-number connections in 
this experiment may be paitly due to inner repetitions of the number, or of 
the word and the number, lu such eases This was not foi bidden because 
our interests in the cxpeilmcnt did not include a measurement of the con- 
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Probability of lepctition of a reAvartled word->n\imher 

connection 436± 0035 (PE.) 

Probability of iGpelition of n punished word-^nuinber 

connection 22S±0013 (PE.) 

Difference 21I± 0037 (PE) 

The effect of the reward upon tlic attached neutral connection was 
then from a sixth to a fifth of that upon the rewaidcd connection 
itself 

We may now consider the frequency with which two occui rences 
of a response to a word by the same numbcT and same letter arc 
followed by a repetition of the letter in the next trial We record 
separately the facts for the influence of such double occurrences in 
trials 1 and 2 upon the response in tual 3, and for the influence 
of those in trials 2 and 3 upon trLil 4, and for tliosc in trials 1 and 
3 upon tiial 4 

The facts for the consecutive doubles appear in Table 2 The 
probability of repetition m the next trial thereaftei is .581 when tlie 
letter is attached to a rewarded connection, and .435 when it is 
attached to a punished connection. The diffcience, .144, is 12 
times Its piobable error. For the three extra subjects, the cor¬ 
responding difference is 135 

The facts for the non-consecutive doubles are too scant to be pre¬ 
sented by individuals The probability of repetition in the trial 
following the second occurrence is .411 when the letter is attached 
to a rewarded concction (»=224) and 401 when it is attaclied 
to a punished connection (m= 63S) ® For all doubles the probabili¬ 
ties are 554 and 427, the difference, .125, being 11 times its prob¬ 
able error These figures may be compared with the following for 
tlie word->number connections rewarded, 800, punished, .325, 
difference, 475 

The facts for the repetition of "trebles’* m trials 1, 2, and 3 in 
trial 4 are as follows Of 265 connections ending in letters at¬ 
tached to rewarded woid-numbcr connections, 229 or 86 4%, were 

firming tendency set iip by the influence of the reward apart from any such 
repetition, but only its spread to preceding and succeeding word->number 
connections and to the contemporaneoas word-^lelter [or (word-|-numbcr).'> 
letter, etc ] connections There was very little time for such inner repeti¬ 
tion, and Its beneficial influence is probably slight, but the percentages 
should be used with their source in mind 

“For the three extra subjects, the corresponding figures were +21 («=»19) 
and ,167 (?;=66) 
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repeated in tiial 4 Of 162 connections ending in letters attaclied 
to punished woid-number connections, 89, or 54.9%, were re¬ 
peated m trial 4 The difterence in piobability of repetition is 
thus 315 Of 265 rewarded w'ord-number connections, 238, or 
89 8%, wcic repeated m tiial 4 Of 162 punished word-number 
connections, 79, or 48 8%, weie repeated in tiial 4 This differ¬ 
ence in probability is thus 410 These results arc in harmony with 
those piesentcd foi single and double occurrences. 

We have demonstrated that a reward influences not onlv the 
rewaidcd connection itself but also a contcmpoianeous ncutinl con¬ 
nection attached to the rewaidcd connection The influence of .i 
satisficr spicads backwaid and foiuaid to influence ncighboiiiiE 
punished connections of the same soit as the rewaidcd connection, 
It spreads sideways to influence connections that aic operative at the 
time and attached to the rewarded connection as unconsidcred parts 
of it or accessories to it. 

In our experiment the attachment of the connection ending in 
the letter and tlie connection ending in the number may have been 
close, but it will be easy to mcas-ujc the spread of the influence of a 
reward to contemporaneous connections less closely attached. For 
example, the subject could say a number and letter and write either 
a line, cioss, circle, or triangle, and also press with his left hand 
any one of n keys An observer could record his various changes of 
posture, gestures, smiles, )'awns, and the like, and we could mcnsuie 
the fiequcncy of icpetition of such in relation to their occurrences 
along with rewarded and with punished connections. Presumably 
there is less and less influence with less and less close attachment. 

Our experiment adds to the evidence showing that a satisfying 
state of aftaiis exerts a strengthening foicc that is real, rcgulai, and 
predictable Wc may think of it as like a stream of sticngthcning 
poured down upon the connection which the reward immediately 
follows and to which it “belongs,” which spreads out to carlici and 
later connections and to moie and more loosely attaclicd contem¬ 
poraneous connections. Or we may think of it ns a unit of 
strengthening which is directed in gcncial toward the connection to 
whioh it “belongs” but which sometimes scatteis and hits an earlier 
or a later connection oi an attached acccssoiv connection A con¬ 
tinuous spread oi a scatteiing of shots would equally well account 
for the experimental results 
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L’I:XPANSION DE L’INFLUENCE DE LA RECOMPENSE AUX 
CONNEXIONS lTRANGERES AUX BUTS DE CELUI 
QUI APPREND 

(Rcsiiiri6) 

Un effct iilt^iieiir satisfamant, c'est-rl-clirc, une recompense, rend plus 
forte noti sculemcnt la connexion qu’il auU et laf\uclle il appattieiU, maU 
auasi une connexion contenipomme ilc la connexion rdcompensee mais non 
recompeiisee elle-meme, ct ctrangdre ain buta de celiu qui npprend Vingt^ 
neiif sujets ont paiticipd a un apprentissage choix multiple oi'i la rdponse 
correctfi a 6te suivie d'lm signal (“Juste") indicalif du sucefes ct d'tme 
recompense pdcunicrc A payer plus tarcl Le sujet a fait au liasard, avec 
ses rdponses dingces an but et appropndes, des reponscs secondaires et on 
iui a dit q«e Ton nc considererait celleS'Ci ni jiistes ni faussea et que cellea-ci 
n’lnlluernlent dii tout ni siir son rdsiiltat ni sur sa recompense Ces rdponses 
Becondairca dtrang^ics sont neaninoins associdcs plus foitemcnt ^ la situa¬ 
tion quand on recompense 1 q r6ponse primnirc que d.ms Ic cas contrairc 
L’effec ult^riBur satiafaisant eKCice un pouvoic condemant ou foitidant qui 
s’etend ou se lepand pour influcr sur lea connexions contempornlncs aux* 
qucilcB 11 n’apparticnt pas logiqucmcnt, 

Thorndike et al 


DAS VERBREITEN DES EINFLUSSES DER DELOHNUNG AUF 

zusammenhaenge, die den zwecken des 
LERNENDEN UNZUTREFFEND SIND 

(Rcfcrat) 

Einc befnedigendc NacHwirkung, d h cine Belohnung, verstaikt nicU 
nur den Zusammenhang, dem sic folgt, iind dem sic geliort, sondern auch 
einen Zusammenhang glciclizeitig mit dem bclohnten Zusammenhang, der 
nicht selbst bclohnt ist und der den Zwecken dea Lerncndcn unzutreffend 
i&t KcuTitmdzwanzig Vpn bcschaftigten sich mit vielfachem Wahllernen, 
bei dem die nehtige Antwort von einem Zeichcn (“nchtig") gefolgt wnrde, 
und das Erfolg und emc Geldlclohnung bedeiitctc Zusammen mit den 
zweekmassigen imd treffenden Antworten der Vcrsuchspeison, machte sie 

aufs Geratewohl Nebennntvvortcn, die als weder richtig noch unrichtlg 
geznhit wurden, wie ilir gesagt wurdc, und gar kcinen Einfluss auf ihrc 
Marke oder ihrc verdienste hrtben wuiden Diese unzutreffenden Neban- 
antworten werden tcotzdem mit der Situation starker in Beziehung gchracht, 
wenn die priraare Antwort belohnt wird, als wenn nicht Die bcfncdigcnde 
NachwlrkuEg ubt einen bejahenden oder verstaikenden Einfluss aus, der 
sich auf den Einfluss gleichzeitiger Zusammenhange auabreitct, denen er 
nicht logisth gchort 


Thorndike et al 



SHORT ARTICLES AND NOTES 

AN ARRANGEMENT OF PRINTING-CUBES WITH COMBINED 
INK-PAD AND TYPE-CELL 

Marib L II Forbbs 

The purpose of this note is to describe a printing device with combined 
ink-pad and type-cell, 

The writer acknowledges the cxaminatioD of the device by her former 
instructor, Dr Walter F, Deaiboin (I), MD, Director of the Psycho- 
educational Clinic, Harvard Univcrsi^, and Dr Elizabeth E. Lord, Re¬ 
search Associate, Children’s Hospital, Boston 

The device consists in pait of a box the lid of which in two sections, 
hinged, serves as a pnnting-shelf The paper is inserted under a blotter 
attached to the shelf or under the shelf on a curving slide. It is then 
folded over the shelf and held down by a guide with printing-cclla The 
paper is constantly pulled toward the back of the shelf nway from the 
operator 

For the printing of words in a line, tape is passed over the shelf from 
right to left through slits m the blotter 

Printing-cubes rest on ink-pads spread on the floors of trays which rise 
in tiers to the prmting-shelf The cubes in a tray are divided into groups 
of five by a bridge in the center of the tray and ate separated by wire 
cross pieces 

Capital and small letters of rubber aie mounted on adjacent sides of a 
cube and the sides opposite are indexed with the same stamp, capital 
and small letter 

The cubes are arranged in typewriter order, or, ns it has bfecn sug¬ 
gested to the writer, in the order of frequency (2) of letters in com¬ 
position, small letters of rubber resting on the ink-pads, small letter indices 
visible 

qwert yuiop ctais wypgli 

asdfg hjkl luemf vypgh 

?\cvb nm vhjqx z 

The writer suggests the following additions or modifications A record 
sheet in motion directly under the printing cells, color in index and ink- 
pad, a geometric figure mounted on a cube, a digit and a group of domino 
dots mounted on adjacent sides of a cube and a cube without index or 
with a raised index. 
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The Drawing ■ 

Figures 1 and 3 Box with trays, piinting-shelf, and guide with 
pnnting'Cells 

Figure 2 Tray with bridge, wire cross pieces and cubes 

on ink-pad 

Figure + Diagram of double-case printing-cube, 

Spea^caiiont', 

Box U" X K 2J4" 

Lid of box (two sections) x 2^4” i 

Uyi" X 3J4" 

Tray 13^" x I" x 54" 

Bridge 1" K I" 

Wire cross piece V/i" x l/l6" D 

Guide 1154" * 1" x 54" 

Cube 1" 








FIGURE 5 
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1 DrARiioRN, W F leaching reailini; lo imn-i 

1929, 30, 266-270 
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Mead, 1923, 19, 216 

S]/2 Ash Shed Phir, 

Ctiiiihiuli/c, Mnssachusilts 
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HEIIvWIOJl OF white KATS on R01'ATE13 mazes 

C K 'luuiiiiooD AND L F BrcK 

'Die cxptiiinLiUs rtpoiieil hcic cunn.rn tlu Bclitiviof of white rats when 
a ma/e wlucli they hate le.uneil is lolatcd -15 oi nunc clcgiecs Iiom the 
posiuoii of leainiiig, the li\ iiig-cnKi, of the aiihnals hemg contuiuoiis with 
the maze and lotating with it. Such an e\i»eriiii(.iu, employing an alley 
type maze, has been iciKutcd by Lcuba and Fain ((i), who state that no 
distuihance due to rotation was exhibited by the font white lats which 
they tested 

'Phe icsiilts which they have leportcd suggest that continuity of the 
living-cage with the iiia/c eliminates the looni envnonment as an influ¬ 
ence affecting the behavicn of an anima! tiaveising the maze, even when 
(lie ina/c used docs not exclude sensuiy iiifiucnccs aiising from the 
looin Such a conclusion, howcvci, contindicLs, at least In pait, the 
cxpeiimcntal findings of Can (1), Patiick aiul Ancleisoii (7), niul True- 
blood ($)), all of which siippoit the view that the room siluncion of the 
mn^c excits influence accoiding as the fuim of inaac used pctinits senson 
influences fioin the looin to ic.icli the icccptois of the nnimni in the maze 
As stated by Can (1, p. 304) 

the maze habit censisls osscntially of n Lnciiinl-kincsthctic 
motot cooiditintion, [hut] it is dcpciuUnt ncvcithclcss, hath din¬ 
ing and subaerpicnt to its development, iipun a wldci sctisoiy 
situation of winch it is a pnit 'Phis fact is piovcd hy an cx- 
peiimcntnl contiol of the lelations hctwecn rhe animal and 
the envnonment 

The issue hctwccii the icsults icpoilcd in the Leiibn and Fain cxpciiinent, 
liascd on the peifoimaiices. of foiii inunals, and those obtained bv ihe iidui 
expeiimcnteis mentioned above, based on the peifoimanccs of upwaids of 
400 animals, has seemed to us of siifhcient iinpoi lance to justify a icpetition 
(if the Lciiha and Fain espeilinent, employing a laigci mnnbei of animals 
Mian they used and using moic than one type of mavc and naze siuiation 
Accordingly, 48 male white rats, Wistar stock, langing in age fiom 130 
to 170 days, have been submitted to ictation pioceduic on an elevated niave, 
the liviilg-cagc being continuous with the nia/e eiuiance thioughout train¬ 
ing and lotnted tiials, as desciihed by Lciiba and Fain Othci experiments 
aie in progress in which the annnals aie submitted to lotation procedure 
in an alley mavc, with the hving-cagc contiiuioiis w’lth the ma/e, also in 
acCoidallce with the conditions described liy Leiiba and Fain 
In the eleyatetl-inavD expcrimtmg, which aic here leporled, the ma/t 
was composed of 9 segments, 2 mdies wide, elevated 50 inches above the 
floor, and mounted on a swivel peimittuig lotatlon to any point of the 
compass The length of the tiiic pathway was 190 inches A sliding gate 
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of inetal, placed niulvvny of the first Bcgmetlt, controlled the release of the 
animals for timing purposes It was operated by the experimenter, who 
was stationed behind a screen placed 5 feet from the maze. Illumination 
was diiect and was supplied from above the maze by two 200-watt lights 
mounted on a fiame which rotated with the maze 

The living-cage units, provided with wooden floors and meshed-wirc top 
and sides, were constiucted in the shape of octagons, measiiiing 20 inches 
between any two sides Each octagonn} unit was 9 inches hfgli and was 
divided into 8 individual compartments by wire partitions, 9 x 10 inches, 
which ran fiom each angle of the octagonil striictuie to us central axis 
Each of these compartments, which was used to house one rat, was etjuippcd 
with a carpet of sawdust, sliredded paper for a nest, a water bottle, and 
a wire door hinged to the wooden bottom and opening outwnrd This door 
formed one of the eight extenor faces of the octagon 

These enge units were kept In a lack near the maze Each unit was pro¬ 
vided with protected npcituiea at its center so that it could be mounted on 
a slioit veiticnl shaft fixed tit the beginning of the maze in such n manner 
as to revolve horizontally The unit could then be turned until the com¬ 
partment of any paitlcular animal was directly in front of the initial run¬ 
way of the maze The wiie door could then be lowered and the animal 
would pass directly from us nest to the maze, Thus, throughout training 
and rotated trials the cage of each annnal wos continuous with the true 
pathway of the maze 

Throughout the experiment each animal received four trials in the morn¬ 
ing and four trials at night, being nllowed to cat for 20 seconds after 
a trial Successive trials of any one animal were separated by the trials 
of Its seven neighbors in the unit, so that foi each animal there was an 
interval of 6 to 8 minutes between trials Individual glass food dishes, 
changed regularly from rat to lat, were employed, and each dish, with any 
food remaining in it, was placed in the cage with the animal at the con¬ 
clusion of four trials McCullom’s diet (3, p 55) was used, being fed ns 
an uncooked meal mixture Two and a half grams were given each animal 
at a four-trial session In addition, fresh lettuce and crumbs of dog biscuit 
moistened with cod-liver oil weic fed regularly. 

Each of the 48 animals received 112 training trials with the maze In the 
same position, hereafter called the control position This considcrnble num¬ 
ber of trials, which extended ovci 14 days, was given in order to secure the 
maximum stability in the performances of the animals at tlic control position 

In the several rotated series, which immediately followed the training 
senes, trials 1 and 2 were given with the maze in the control position, and 
trials 3 and 4 in either the control position or a rotnted position, the respect¬ 
ive positions following a regular sequence control, rotated, rotaied, control, 
etc Rotated positions of the maze for any single test senes were distributed 



442 


SHORT ARTICLES AND NOTES 


among the 48 nnimaU as follows (a) 16 rats, ma/e rotated 90 degrees 
from the position of learning; (b) 16 riits' maze 180 degrees from the 
position of learning; (i) 16 rats' maze 270 degices from the position of 
learning In the next successive rotated aeiies the rats of the (a) group 
would be run from the (i) position, those of the [b) gioup from the (c) 
position, and so on This schedule of rotated and control trials continued 
for 9 days, and Included 12 senes in winch tiiala 3 and 4 occurred in 
roiated positions, and 6 senes in which till trials were from the control 
position, A final group of trials, continuing over three days, included 2 
senes in the control position and + sciies with the maze rotated successively 
4S, 135, 225, and 315 degrees from the contiol position. 

The results of this rotAtion procedure with the elevated maze are indicated 
in Table 1 The left half of the table shows the mean performance times iti 

TABLE I 

Means, Standard Deviations, and Intercorrclations of Runs J and 4 m 
THE Control and Rotated ScRina 


Control series (0° position) Rotated senes (all positions combined) 


Trial 

M, 


Ml 


In 

Trial 

Ml 

<ra 

M* 

Oi 

rat 


4.9 

71 

4.9 

71 

92 







■2 

47 

,76 

47 

72 

.93 

1 

8.6 

5,90 

61 

149 

70 







2 

69 

2 07 

56 

1,44 

57 

3. 

SI 

.77 

50 

78 

91 

3 

69 

271 

5.9 

1 76 

61 







4 

62 

149 

53 

95 

.73 

4 

5.0 

.78 

49 

.73 

.90 

5. 

S 9 

166 

51 

79 

55 







6. 

5 7 

1 14 

52 

81 

79 

5 

49 

.75 

48 

72 

93 

7 

5,1 

86 

4.7 

66 

79 







8. 

5 0 

79 

4.8 

78 

89 

6 

5,1 

87 

49 

82 

93 

9 

S 1 

.63 

49 

65 

82 







10 

4.9 

73 

47 

76 

90 

7 

46 

77 

4,6 

.67 

91 

11. 

49 

77 

4,6 

66 

82 







12. 

4.9 

.66 

47 

.62 

91 

8 

4,6 

76 

46 

69 

.91 

tl3 

5 1 

98 

4.7 

.67 

61 







tu 

5 1 

81 

48 

,75 

.74 

9. 

4,8 

.83 

46 

72 

.88 

tl5. 

S 1 

97 

47 

71 

81 







tl6 

50 

71 

47 

.64 

77 

10 

47 

.81 

46 

71 

95 








■Trials 1 and 2 are taken from the last two trials of the preliminary 
training senes 

t4S*, 135°, 225°, 315“ positions combined, 
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seconds, the standaid deviations, and the Jntcrcorrclntions of trials 3 and 
4 throughout the several contiol aeries, these two trials being iLe most stable 
of the four trials and hence affording the best standard of comparison 
for revealing the effects of rotation. The light half of the table shows 
the mean performance times in seconds, the standard deviations, and the 
jntercorrelations of trials 3 and 4 in the several rotated senes, llic spaced 
arrangement of the table follows the schedule of rotated and control trials, 
two successive series in the rotated position being always preceded and fol¬ 
lowed by a series in the control position Eirors, le, entrances and ex- 
ploiations of blind alleys, were rare Their effects on performance limes 
were controlled by recording only the time the animal spent in traversing 
the true pathway 

Wuh the maze m rotated positions the behavior of all the animals shows 
disturbances of performance In the first place, the mean performance 
limes of trials 3 and 4 In the first rotated senes arc approMinatcly 50 
per cent greater than those of the corresponding trials of the preceding 
control seiies, and the coirelation coefficient, .70, is lower than the control 
value of 93, while the standard deviations for the early rototed trials 
show considerable increases over the corresponding control trials Secondly, 
analysis of individual performance times shows that every animal requires 
more time for trials 3 and 4 in the earlier rotated scries than for trial 2 
in these same series (trial 2 having occurred in the control position), 
although trial 2 in the control series had taken longer, on the overage than 
trials 3 and 4 Thirdly, while the influence of rotation ns revealed in 
mean performance times becomes slight after the sixth rotated series, 
yet the geneial stability of the rotated performances docs not tench the 
level of the control performances until the tenth or twelfth rotated scries 
And, finally, rotation of the maze to new positions (45, 135, 225, 315 degrees 
from the control position) again reveals significant reduction of correlation 
cofficients and increases m mean performance times 

Such results indicate, wc believe, that, while the influence of the room 
environment on an animal traversing the maze obviously diminishes when 
living-cage and maze arc made continuous, ns in the Lcuba-Fain experiment, 
nevertheless tins procedure by no means eliminates the room environment 
as a factor in maze orientation so long as an elevated maze is used and 
the animal's receptors remain exposed to sensory influences from the room 
In other words, Carr’s original statement would seem still to be true, at 
least so far as the elevated maze is concerned, namely, that “the maze 
habit IS dependent, both during and subsequent to its development, upon 
a wider sensory situation of which it is a part” 
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THE INFLUENCE OP IRRELEVANT CONTINUING DISCOMFORT 

UPON learning* 

Edward L Thorndike \nd the Staff of the Division or Psychology 
OF THE Institute of Educational Rlse.vrch, 

Teachers Collpcb, Columbia University 

It IS common experience that ceitain forms of discomfort interfere with 
learning by preventing the subject fiom attending adequately to hia tnaka, 
The facta of ordinary life, however, are complicated and confused, So 
it seems worth while to measure the intlucnce of a specilied di'comfort 
upon a single form of learning. 

The discomfort chosen was the lathei mild one of holding one aim !n 
a horizontal position. It was kept mild by permitting the subjects to change 
the arm at will. The learning consisted in hearing a senes of 40 word- 
number pairs and then lesponding bv a number to each of the 40 words 
m four consecutive tiials in which the woids alone weie said by the 
experimenter Twenty series, each containing 40 word-number pairs, weie 
used In four sessions on four different days ns follows. 

*Thc experiment reported here was part of an investigation of the 
psychology of learning supported by a grant from tlie Carnegie Corporation 
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Session 

1 

Sciics 

1 

Foui 

trials Oidinaiy conditions 




u 

2 



One aim held out horizontally 

(The 







subjects weie permitted to shift 

from 







one arm to the other at will) 




n 

3 



Ordinary conditions 




it 

4 



One arm held out horizontally, 

as in 







Series 2 




it 

5 



Ordinary conditions 


it 

2 


6 

to 10 

with 

the same nirnngements 


H 

3 

rf 

11 

to IS 

“ 

a ti (1 



4 

(( 

16 

to 20 


« ft it 


In all 

cases the 

40 

words 

and 

iiumheis were read once rapidly at the 


rate of approximately one per second by the expcnineiUcr, and then the 
words wcic read alone, the subject responding to each by a number from 
1 to 10 and the experimenter announcing "Right” or "Wrong,” and saving 
the next word without delay The time per unit (word said by E + number 
said by S + "Right" oi "Wrong” said by E) varied around three 
seconds 

The instructions were ns follows: 

This 18 an experiment in learning sometimes without, snd 
sometimes with, discomfoit I hnvc q list of words with 
numbers nttnehed to them, the numbers running from 1 to 10 
Listen comfoitnbly At the end of one quick rending of the 
list you will tell me which numbers follow the various words 
and I shall answer "Right” or "Wrong” Twice during one 
session of the experiment you will keep your left arm raised 
horizontally all through Don't woiry about the time of rais¬ 
ing your mm, as I shall tell you when to do that Please 
give me your answers promptly after each word is rend you 

We will try it first with a short practice series 

(Then a short practice was given with ordinary conditions and another 
with the arm held out) 

Befoie each senes with discomfort, the following was said' 

During this entire set you will keep youi left arm raised 
horizontally If holding out yom left arm bothers you, shift 
to the right mm One arm must be upraised from the time 
I lead the list of words and numbers until >ou finish giving 
your answers 

Sixteen adult students seived ns subjects. Their average acluevemenls 
in each trial of each session were as shown in Table I The average 
accomplishment under discomfoit periods 2 and 4 was better than that 
under oidinary conditions in periods 1, 3, and 5 (9 44 \er8iis 905), but 
not quite so good as that in peiiod 3 alone (9 44 versus 9 89) 

We may make a valuable comparison of certain featuies of learning with 
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and learning wiihoiit dHcomfort as follows We li&f the correct responses 
in trial 1 under each condition and find what percentage of them were 
repeated in trial 2 Wc also list the correct responses occurring for the 
first time m tiin! 2 (or 3) and find wliat percentage of them were repeated 
in trial 3 (or +), Wc also list the responses that wcie correct in both 
trial \ and tnnl 2 and find what percentage of them were repeated in trial 3 
And so on for all other combinations of correct responses 
We make the compailsona separately foi each of the 16 individuals 
with the results shown in Table 2 The strengthening by the rewaid is 
almost exactly the same with as without discoinfoit There are 50 cases 
where It IS gienter with discomfoit, and 46 cases where it is greater 
without discomfort The average of the si\ medians of differences is 
—0 7 with a P,E of ±0 6 

The median difference for the learning as shown by the repetitions in 
trial 2 of connections rcwnrdeil ns correct in trinl 1 is —2+ This repre¬ 
sents the success in remembering pniis from hennng the expeiimenter 
rend them and the confirming Influence of the announcements of "Right’’ 
in trial 1, and so covcis roughly the first third of the pcuod when the 
discomfort was least The median difference for the learning as shown 
by the repetitions in tiinl 4 of connections rewarded in trial 3 but not 
in trial 1 oi 2 —4 65 This covers roughly the last four minutes of the 

period What little difference there m is thus in favor of the discomfort 
ovei the ordinary condition, and of the later and greatci discomfort over 
the earlier 

The Scime lack of interfeicnoe with learning from iirelevnnt discomfort 
appears in the experiment of Tolman, Bretnall, and Hall, in which learn¬ 
ing a senes of choices, each of one spot out of tvvo, was nearly equally 
rapid whether a sound or a shaip shock informed the learner whether his 
choice was right or wrong 

Doubtless, lengthening the period from S to 18 or 27 or 54 minutes and 
increasing the intensity of the pain would at some point cause inteifercnce 
of some sort, Our results hold only foi the specified time and intensity 
There is, however, a clenr discomfort from holding one’s arm out even 
for a couple of minutes, and a clenr relief when the shift to ordinary 
conditions is made But this does not influence learning Theoretically, 
one should not assume that discomfort acts unfavorably in a continuous 
gradient beginning at small intensities. Practically, one should not expect 
much in the way of bcttci lenrning fiom the leduction of minor aches, 
pains, uncomfoitable postures, and the like 
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A CONDITIONED RESPONSE OF TWO ESCAPE REFLEX SYSTEMS 
OF THE GUINEA PIG AND THE SIGNIFICANCE OF 
THE STUDY FOR COMPARATIVE WORK 

W T jAMrs 

An experimental procedure that would show functionally how refinement 
of neural structure has aided the various animal species in ndjiisting to 
environment, as well as how in the couise of this refinement the relation 
between the cortex and lower coid systems has ciiangcd, would be of par¬ 
ticular advantage to the experimental physiologist and psychologist The 
neurologista have been able to Indicate structurally the growth and expansion 
of the neivous system from a primitive neural tube to the highly developed 
biain and cord ayatem of the vertebrates. The experimental physiologists, 
howevei, and for the most part psychologists, have assumed what this 
refinement of structure means for the animal m the process of adjustment 
They have not been able to show specifically just what changes in behavior 
and adjustment have paiallcled a refinement of and addition to neural 
structure They have, it is true, been able to do this to some extent in man, 
but not until the condltionedTcflex method was used were they able to 
get at the minute changes in adjustment that go with definite changes in 
neural structure in the tower animals The method has been used mainly 
in the analysis of the cortical mechanisms of the dog (5), using either the 
salivary reflex, or the motor defense reflex (1) as the unconditioned one 
This salivary and motor reflex has been modified to respond to various 
stimuli which were originally unmeaningful to the nnimal, and from this 
modified performance analysis of (he cortex has been made The use of 
the method in comparing nervous systems of dillerent stages of refinement 
and development has not been emphasixed to any great extent It has been 
suggested, however, by the studies of Liddell and Anderson (3), who 
compared the rate of development of the conditioned defense reflex of the 
foreleg m the sheep, rabbit, goat, and pig, by Upton (7), who used the 
method in studying the guinea pig’s ability to hear pure tonci ond by 
Wever (8), who used conditioned breathing to study the upper limit of 
hearing in the cat One of the most significant things, compnratively speak¬ 
ing, indicated by Anderson and Liddell is that the conditioned defense 
response develops In the rabbit after twenty to tliirty applications of the 
new stimulus, after six applications in the sheep, and after from one to 
two in the pig The same defense response is conditioned in the dog 
after about six applications of the new stimulus These studies suggest 
the possibilities of the method in comparing the cortical mechanisms of 
different stages of refinement There is another phase of the problem, 
however, which has to do with the relation between this developed cortex 
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and the lower cord systems Is the conditioned-reflex method adc(\oate to 
indicate just whnt this evolutionary development has meant for the cortex 
and Its relation to the lower cord systems? Wc devised two experiments 
to see wlietlier or not this method could be used to show this relation 
These experiments deal with two escape response meclinnlsms of the guinea 
pig In one of tlic experiments we studied the relation between the cortex 
and the total escape icflex system of the cord, that involving all legs and 
leg segments, nnd in the other wc studied the relation between, the cortex 
and one segment of this total escape mechanism, that to only one leg, 
Experiment 1 deals with the first problem and Expeiimcnt 2 deals with 
the second problem Two male guinea pigs of the same litter were used, 
one in each experiment 

Experiment I. 

The liist experiment was devised to condition the defense reflex of the 
right foreleg of the guinea pig to the sound of a metronome In the 
experiment the animal was isolated in n small loom nnd confined by harness 
on a table. The harness was attached around the body of the nnimal and 
then fastened to a beam 8 Inches above the tabic surface The animal 
was allowed freedom of movement wuhin a radius of about 8 inches Wire 
electrodes were biicUed on a shaved portion of the right foreleg to apply 
an electric shock The procedure followed throughout the experiment 
was to sound the metronome (rale 160) for S seconds and then give the 
shock. From an adjoining room the experimenter could observe the 
behavior of the animal through n periscope. The metronome was started 
and stopped by means of an electncnl lever. 

Raulli of Expenmcnl 1 Duimg the first part of the cicperlment the 
animal remained in n crouched position and would move only when shocked 
The response then consisted of rhythmical running movements with the 
feet sliding on the surface of the table After the shock had been applied 
the animal would again take the crouched position The first definite re- 
sponse to the metronome occnrrid on the one-hundredtb application In 
this case the animal raised up on the feet as if “set” to run, and remained 
in this position until the shock was given This postural adjustment occurred 
only 9 times between stimulus 100 and stimulus 197 After stimulus 197 
the shift in posture was confined to the fore part of the body and when 
the shock was given the animal raised the foieicg, This unconditioned 
response of the right foieleg, when the shock was given, continued through 
stimulus 260, after which the tiuc conditioned lesponsc occurred What 
we call the true conditioned icsponsc was the roi'ic of the leg when the 
signal was given, before the application of the shock This conditioned 
response was at first unstable, but after stimulus 350 it appeared in 70% 
of the cases. 
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We observe tliat a large numbei of applications of the new stimulus 
arc required to build up a conditioned escape response of the right fore¬ 
leg in the guinea pig The unconditioned response at first invohed the 
total escape mechanism of the animal, namely, running As the experiment 
progressed, however, the unconditioned response was next limited to the 
forelegs, and, finally, the conditioned flexion of the right leg appealed on 
the 26Ist stimulus We may assume that, ns the response was limited to 
the fore part of the body, inhibition developed in the cord system below 
the segments involved in the conditioned response of the foreleg From 
the number of applications of the stimulus necessary to limit the i espouse 
to the foreleg and for the appeaiance of the conditioned behavior, and, since 
the same response occurs with relatively few applications of tlic stimiiliis 
in the dog, sheep, and pig, we may assume that this offered a difhcult 
task for the nervous system of this animal 

Experiment 2. 

In this experiment we made a study of the conditioned escape response 
involving the total escape mechanism The apparatus consisted of a box 
made of two small rooms (each lOom 1 foot square) with an elevating 
door between them An electric grill was placed on the floor of one side 
of the box (room A) so that a shock could be applied to the feet of the 
animal eliciting the running icflex When the shock was applied the door 
between the two rooms was opened and the animal allowed to escape into 
the other side of the box (room B) As m the above experiment, a metro¬ 
nome (rate 160) was used as a signal The procedure was to sound the 
metronome for 6 seconds, then apply the shock and at the same time open 
the door allowing the animal to run into B Since the top of the box was 
covered with a 2-inch mesh wire, we could observe the behavior of the 
animal from the experimental room bv the use of the periscope. 

Results of Experimeut 2 At first, of course, the animal would riot move 
until shocked, and when shocked it made two circular runs around room A 
before finding an escape. On the immediately succcccdmg applications of 
the stimuli the guinea pig ran directly to the door when shocked The con¬ 
ditioned response to the metronome appeared on the twelfth application, 
when the animal ran to the door as soon as the ntetronome started Fol¬ 
lowing this conditioned running the pig would take a ‘‘set" on the feet, 
^‘as if ready to run,” and maintain this posture during the 5 seconds, then 
run for the door as soon as it opened This postural adjustment, with 
delay of lunning, appeared on the fortieth application of the signal 

Discussion of the Experiments 

The difference in number of applications of the new stimulus required 
to Condition these two escape responses indicates a difference m structural 
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and functional relalion between them and the cortex In Experiment I 
we were dealing with a short reflex system (6, p 157), but the excitation 
at first irradiated throiighoiu the total escape mechnnism. The response 
was iimtCed to the forelegs after a large miinber of repetitions of the metro¬ 
nome and shock During this lime wc may suppose that inhibition had 
developed in the cord system below the two segiiients involved In the front 
leg movements The separation of this one leg segment from the total 
integrated activity of the escape mechanism was undoubtedly a difficult 
task for the nervous system of the guinea pig, since the same behavior 
occurs with few applications of the stimulus in the animals indicated above 
This difference in appeal ance of conditioned adjustment between these 
animals is probably due to a diffcience in development and refinement of 
neural structure In Experiment 2 wc observed that the total escape mech¬ 
anism could be conditioned with relatively few applications of the 
stimulus In this case we were dealing with a more natural response. 
The guinen pig escapes from all dangerous and painful objects by running. 
The response here Is geiicralued in the sense that it involves the total 
integrated reflex system of (he cord This total integrated escape system 
undoubtedly has a closer functional relation with the cortex than any one 
segment of the total system From this wc may assume that the develop¬ 
ment of the cord and cercbiospmal tract system is adequate to signal the 
total running reflex but has not developed to the point where it signals 
the one segment without difficulty. This fact is in correlation with that of 
von Lenhoss^k (4), who found that the relation of the area of the cere¬ 
brospinal tract to the total cross-area of the spinal cord is low for the 
guinea pig in comparison to that in the mouse, rabbit, cat, and man. 

According to the prevailing iheoiy, responses of the low-developed ner¬ 
vous system are generalized, that is, irradiation of excitation leads to an 
adjustment involving the total mcchamsm ao matter in what part of the 
system the excitation arises (2) In the course of development the segments 
have become more and more subject to differentiated responses Since in 
the above expeiiments we indicate the functional relation between the 
cortex and the total, as well as segmental responses of the escape mechanism, 
the conditioned-reflex method would seem to offer a functional approach 
to specific changes in adjustment that aie due to evolutionary development 
of the nervous system By this method the changes in functional relation 
between the brain and the cord systems may be traced from the smooth- 
brained animal to the more highly developed brain of higher animals and 
man, as well as analytical and syothetic ability of the cortical mechanisms 

RErCRENCBS 

1 Berctov, J S The fundamental pioccsscs in the cortex of the cerebral 

hemispheres Diatrij 1924, 47, 109-148 

2 Herrick, C. J , & Cochiu,, G E The development of the reflex mech¬ 

anism in Amblystoma J Comp Near, 1925, 26, 65-85 



SHORT ARTICLES AND NOTES 


453 


3 Liddlii.H S ,& Anderson, 0 D Comparative study of the conditioned 
motoi leflex in the rabbit, sheep, goat and pig Aiuei, J Physiol, 
1931, 97, 539 

+ VON LENHOSSfK, M Dei feinere Bau des Nervensystems in Llchte 
ncuester Foischimgen Eine algemeine Betrachtiing der Slniktiir- 
pnnzipien des Nervensystems, nebst einer Darstcllung des feineren 
Bans des Rnckenmarkes {2nd ed, rev.) Beilin Kornfeld, 1895 
Pp 416 

5 PavloVj I P Conditioned reflexes an investigation of the physiological 

activity of the cerebral cortex (Trans & cd by G V Anrep ) Lon¬ 
don Oxfoid Univ Press, 1927. Pp xvi + 430 

6 Sherrington, C S The mtegintive action of the nervous system, 

London Constable, New York, Scribner’s, 1906, Pp 411 
7, Upton, M The auditory sensitivity of the guinea pig, Awer J, 
Psychol, 1929, 41, 412-421. 

8 Wevbr, E G The upper limit of hearing in the cat J Comp. Psychol, 
1930, 10, 221-233. 

Analowy-Facm 

Corticll University Medical College 
Mohegnn Lake, New York 


THE GENETIC DEVELOPMENT OF THE KITTEN'S CAPACITY TO 
RIGHT ITSELF IN THE AIR WHEN FALLING 

Leonard Carmichael 

The present note reports the results of a series of preliminary experiments 
on the genetic development of xvhat has been called the righting reflex in 
cats The study was undertaken in an effort to analyze the early growth 
of a particular form of receptor control of behavior which in its adult form 
had been attributed by physiologists, at least in part, to past experience and 
even possibly to consciousness 

The ability of adult cats and some other mammals to right themselves 
m ail in a drop from an upside-down position has long been known to 
casual observation Tlie first scientific analysis of this phenomenon seems 
to have been made by E J, Mnrey (9) ^ This investigator, by the use 
of an early form of serial-picture camera, was able to demonstrate the 
fact that the rotation of the fore and hind pnits of the cat's body takes 
place at different temporal stages duiing a fall through an. At first the 

^The development and scientific use of Marcy’s camera is interesting In 
its own right Foi a detailed description see Marey’s own historical 
paper (11) Four senes of Marey's original pictures showing falling cats 
are given in the 1894 paper (9, pp 715-717) These same pictures are also 
reproduced in Nature (10, p 80) Unpublished pictures of the falling cat 
taken by Marey are in existence, for Magnus speaks of having seen some 
of them through the couitesy of Professor Weiss of Konigsberg (7, p, 222) 
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twist begins in the foie part of the body When this tuin amounts to 180 
degrees the rear part of the animal begins to turn (9, p 716) Parenthet- 
icaWy It may be added that a tnoie tteent atady to stiggeat that the 

turn begins more nearly at 90 than at 180 degrees. The physical and 
mathematical, as contiasted with the physiological, explanation of this 
phenomenon that is olTeied by Maiey is that the cat uses the inertia of its 
own mass to light itself (10, p 81) M Camia (1, pp. 1-5) has recently 
shosvn tliat this conclusion was vigorously attacked on, mathematical 
giQunda as contrary to the theorem of the moments of quantities of motion 
This objection was satisfactorily met in terms of theoretical n^echonics 
by Giiyou (5) and Levy (6). 

In 1916 Muller and Weed repoited a series of experiments on the 
physiological basis of this phenomenon in the adult cat (12) In their 
expeuments animals were released from a horizontal position with backs 
parallel to the Hoor An effort was made to avoid imparting to the animals 
any rotary impulse on release by the hands, a performance, incidentally, 
which motion pictiiiea of the present writer’s efforts showed to be almost 
impossible, for him at any rate They found that all normal animals were 
able to turn in a fall of one foot Some could turn in n fall of six inches 
Blinded animab turned almost as well as normal animals, although they 
did not land so well, “seemingly because of their ignorance of the height of 
the fall Complete removal of semicircular cnnals on one side in other¬ 
wise normal cats inteifered very little with the righting reaction Such 
a unilateral operation meiely induced certain tonus changes and led to 
the need of a longer fall in order that complete righting might occur 
When both internal ears were completely dcatioyed, animals still turned 
in air and landed on then feet. This was found m every animal so 
treated. These investigatora report, however, that i£ animals la winch 
one or both of the semicircular systems had been destroyed were blinded 
by placing n hood over the eyes no lotation at all took place on falling. 
Unilateral ablation of the motor cortex did not intciferc with rotation in 
the air Most animals with bilateral motor ablation also tinned One 
animal in this series, it is reported, showed itself able to turn only the 
front part of the body, the posterior part of the body not participating in 
the twist necessary for complete rotation This obseivation is especially 
interesting in light of the genetic development repoited below Muller 
and Weed further repoit that complete removal of the hemispheres led to 
a full loss of the ability to torn in aii The possibility of the function of 
consciousness in this righting process is therefore laiscd ns a query by 
these authors. They concluded that the falling rellcx is piobably an ac¬ 
quired form of protective mechanism dependent on induences from the 
semicircular canals and from the eyes, mediated largely, if not entirely, 
through the cerebral cortex. 
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R Magnus (7, 8), J G Diissei de Barenne (4-), and others of the 
Utrecht school have also studied this phenomenon m relation to its receptor- 
central-neivous-system mechanism In summarizing this work Magnus 
suggests that the ability to turn in air so as to land on all fouis is a 
function of intact labyrinths The typical course of falling in air in a 
normal cat, as deteimired from pictuies which Magnus himself has taken 
and leproduced, involves n senes of stages including the following First, 
the animal falls foi a short distance through the an back down The head 
then begins to turn while the rest of the body remains undisturbed When 
the head has turned through 90 degrees the thorax begins to turn, tlie hind 
poition of the body still remaining immobile Soon, however, this rear 
portion begins to turn, and finally the body is completely re-oriented, so 
that the animal lands on all four legs This larding is made possible 
because the tonus and extension of the limbs have undergone change, as if 
m pieparation for this landing, during the latter pait of the fall. In on 
analysis of this complex act Magnus suggests that the reaction of the re¬ 
ceptors of the labyrinth is essential in initiating the head turn and that 
this turning then initiates tonic neck reflexes which lead to complete body 
turning These students also report the ccntrnl-nervons-system bnsis of 
the response ns essentially the same ns that indicated by Muller and Weed 
Camis (1, p 26>t), however, points out that Muller and Weed make a sig¬ 
nificant contribution to the phenomenon over and above that of Magnus in 
that they deni with the "vicorious” function of the eyes in the righting re¬ 
flex 

In the preliminary experiments reported here nn effoit was made to 
study the genetic development of this complex, adaptive act A device was 
constructed by means of which kittens of various sizes could be supported 
upside down by their four legs ivithout causing them apparent discomfort 
By pressing levers the animals could be released and allowed to fall one 
meter onto a soft feather pillow A senes of fourteen kittens was used in 
these experiments Eight of these fourteen Were sufficiently studied to give 
significant results Typically, each kitten was dropped three times each dny 
beginning a day or two after birth Brief written piotocols describing 
each fall were taken In the case of animals that did not completely turn 
in falling, the time required for them to regain a standing position after 
landing on the pillow was in many instances taken by the use of a stop¬ 
watch At all crucial points in the experiment motion-picture records, 
photographed at approximately 60 exposures per second, were taken of 
the falls. Because of illness in certain of the kittens studied, it seems unwise 
to give here norms in regard to the average times for the development 
of particular aspects of righting behavior The author feels that quali¬ 
tatively, however, the general picture of the development of this response 
may be described as follows 
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1 At first all kittens fall without giving any indication of turning 
They land upside down with all four legs in the air This often continues 
for a number of (lays after the eyes aic open, but some indication of liead 
turning is secuied in some kittens before the eyes aic open, 

2 There is a gradual decrease in-the time leqoired foi lighting move- 
menta on the pillow after falls m which no turn occuis. This decrease m 
time 13 roughly related to the incicasing age of the kitten observed 

3 Evidence of tuining in air seems to begin m the neck region; that is, 
during the period when the moving-picture lecoids show the first indica¬ 
tion of turning many kittens land 'with the head region partially oi even 
almost fully righted, but with the caudal region still unturned This is ap¬ 
parently not universal, but (he noted exceptions may have been the result 
of uncfiual release by the apparatus of the four legs 

4 Evidence of turning in the air may be apparent on one day and not 
on the next day in the same kitten, but in general the Increasing ability to 
turn in nir is a function of increasing age 

5 Full righting appears first as if by chance and then gradually be¬ 
comes more and more regulai. At six weeks, when most of the experiments 
were concluded, rigluing was well established In most of the kittens studied, 
even though some of them hnd been for some time sufierjng fiom an 
infection. In no case in this length of tunc had the righting reaction reached 
the invariable condition which is characteristic of the healthy adult cat. 

Further detailed experiments on the development of this cnpnclty m a 
more notnml group of kittens and on the receptor control of the response 
are planned The wiiter wishes to express his gietitudc to Miss Margaret 
E, Keller for her asaUtance in conducting the preliminary experiments 
summarized above. 

Theoietically, these genetic results aie interesting, not only because tliev 
substantiate the speculations concerning development of this response made 
by obscrvcis who had studied only the adult phenomenon, but also because 
they point to significant genetic relationships It has been noted above 
that the physiological processes underlying the righting reflex in the adult 
animal are complex. Certain specific ablations of receptois or of paiticu- 
lar paita of the central nervous system seem to modify and eventually to 
abolish entirely the leaetion It is mteiestlng to note that the partial 
loss of the ability is not, in all cases at any rate, characterized by a gen¬ 
eral blunting of the total function This loss is rather a specific return 
to a form of activity which our observations show to be characteristic of 
an earlier genetic stage in the growth of the typical adult reaction It 
is interesting also to note that the present observations show that the 
turning of the head which has been demonstrated ns physiologically first 
in the perfected adult act « also genetically first The study of the gen¬ 
etic development of this function, therefore, seems to offer evidence con- 
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cerning an intimate relationship between the time sequence in the perform¬ 
ance of the response m the adult cat and m the genetic development of 
the act. Further analysis of this process of righting in air may ivell show 
that Its development is m a continuum with the development of the righting 
reflex in an animal which is in contact with water or a solid surface The 
records of the present experiment show that in pact antecedent to and in part 
concomitant with perfection In turning in air there is an increasing perfec¬ 
tion m the act of turning on a solid surface, as measured by the time ic- 
quircd for this act after the kitten has landed m an upside-down position 
The development of righting ability on a solid surface has been shown to 
originate in the prenatal life of the cat by a number of investigators (13, 
H. 3. 2) 

The discovered rel.itionshtp between the genetic development of p.irtial 
acts making up the total response and of the time relations in componeiii 
behavioral acts of the adult cat points to a developmental relationship 
which may play a significant part in understanding the growth of other 
types of behavior which are now considered as saltatory m.itiirations The 
complex time relationships disclosed in the aduit performance and in the 
genetic development of this act may therefore indicate something of one 
form of analysis which may prove fruitful to an understanding of other 
complex behavior patterns in the adult 
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THE EFFECT OF AUDITORY STIMULATION UPON THE MAZE 
BEHAVIOR OP THE WHITE RAT 

L. A Pennington 

The present experiment deals with certain effects of auditory stimulation 
on the behavior of the white rat on an elevated maze, A number of 
studies have dealt with certain aspects of the problem of the relationship 
between audition and the control of behavior Baiber and Hunter (1, 4) 
have shown that the white rat is capable of locaBxmg noise Thwma (13) 
used a T-shaped discrimination box and reports that, while the white rat 
develops responses to tones only aftci a large number of trials, the animal 
can be brought to make locomotor responnes to tones if a criterion lower 
than that used by Hunter be accepted. Mucnzingcr and Gentry (9), using 
a Y-shoped discrimination apparatus, find thnt the white rat makes dis¬ 
criminatory responses to diffuse and directed tones with far fewer trials 
than Thuira found necessary with his experimental arrangements They 
suggest that the difference in the number of trials necessary in these studies 
IS n function of the apparatus Trueblood (14) was unable to account for 
certain behavioral disturbances in some animals following rotation of the 
tunnel mate without assuming effective auditory stimulation Shepard (12) 
found that rats were influenced in their maze behavior by stimulation, or 
changes in stimulation, received from the floor over which they traveled 
and suggests that m all probability this stimulation was of an "auditory 
character" Patrick and Anderson (11) state that a sudden change in 
incidental stimul'i of sound and light will cause errors in succeeding trials 
even though the maze had been correctly learned under the old conditions, 
Morey (8) reports the facilitating effect of sound upon the rat's activity 
m the water maze Dennis (3) suggests that auditory stimuli may play a 
part in the formation of the maze habit The studies just summarized indi¬ 
cate that the maze behavior of the white rat may be influenced by auditory 
stimulation, The negative results of Casper (2) secured under special 
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conditions do not seem fully relevant here The aim of the present experi¬ 
ment IS to study in a quantitative manner one specific form of auditory 
stimuJation in relation to the devdopiaent of the maze halnt in the white 
rat 

An elevated mare vrns used in the present experiment It stood 25 
inches above the floor and was constructed of pine sections, 2 inches by 
yg inch, each section 2 or more feet distant from adjacent segments 
The tiue pathway measured 40 feet, the overall length measured 70 feet 
Critical (urns from the start to the food-box were left, right, left, left, left, 
right, right, right. In order to avoid incidental sound as far as possible 
the experiment was carried on from ll 30 PM to 1 00 A.M On each side 
of the maze and 3 feet therefrom a pressed-wood sound hoard was placed 
The room was lighted with 12 2S-wati electric bulbs regularly spaced and 
shielded by metal reflectors, an arrangement which as measured liy the 
Westinghouse Foot Candle Meter gave an approximately equal illumina¬ 
tion at all points on the maze Three low frequency buzzers, connected 
in senes, and mounted on an elevated 2S-inch standard to the left of the 
maze, supplied the sound stimuli 

Twenty-three male white rats of Wistar stock, four and a half months 
of age at the beginning of the experiment, were used Thev were trained 
for eight days in groups of four for one-haJf hour each evening The 
animals were placed first m groups, and, on the fifth day, individually upon 
the training straightaway set up in the maze room This straightaway 
was lengthened frequently until it approached the length of the true path¬ 
way of the actual maze The rats were fed each evening individually 
upon the food platform The daily ration for each animal consisted of 
six grams of McCullom’s diet, fed ns a dry meal Fresh lettuce and crumbs 
of dog biscuit moistened in cod-liver oil were also given daily 

The rats were divided into two groups The group learning without 
buzzer stimulation consisted of 13 animals Three consecutive perfect trials 
were taken ns the criterion of learning. The animals were then given 
a test series wherein sound was introduced The second group learning 
the maze with buzzer stimulation from the left consisted of 10 animals 
They were given a test series with sound shifted to the right, the sound 
source occupying a similar position with respect to the sounding hoard and 
the maze as it had on the left The test series was continued until the 
rats had approximated the running-time exhibited in the training senes 
Five additional animals m this group were submitted to a test scries in 
which bit/zet stimulation, instead of being shifted from left to right, iras 
omitted altogether This series was also continued until the running-time 
under the altered conditions approximated the running-time under the 
original conditions During the actual experimentation period the operator 
retired to a shielded celotex cubicle equipped with a one-way vision screen 
Records were made of the following items 
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1. The time the animals spent on the maze, total maze time 

2. The actual time spent tn running die maze. 

3. The errors made m order of their appearance 

4. The time required to traverse specific sections of the true pathway 
with respect to tho direction toward or away irom the sound source 

Rmucts 

I. The clfect of auditory stimulation on the maze behavior of the rat 
may be seen initially in the eflfeci of mtioduccd sound upon the perform¬ 
ances of animals trained without sound 

A. The mean number of trials requited foi learning without sound 
was 2i 5 In the teat scries (with sound intioduced) an aveinge of 12 8 
additional trials, of the original numbei of trials, was required for 
the animals to rcacli the original level of performance 

S The aveinge maze time with sound intioduced after learning was 
40% greater Chan the average maze time for the original learning, as 
computed from a comparison of the final two training tiials with the two 
test tnais The average umDing*timc m the test series was 46% greater 
2 The effect of auditory stimulation on maze behavior may be further 
seen in a comparison of the pcrfoimanccs of animals learning when sound 
was constant with their performances when the sound source was shifted. 
All animals were disturbed by the change The overage nnmbei of learn¬ 
ing trials was 10.6 The average score in time of tlie animals in learn¬ 
ing was 152 seconds per trial for maze time and 90 seconds per trial for 
running'time. The median scores, 106 sccoikU maze time .ind 63 seconds 
running-time, are, liowever, more representative of the group learning 
with sound, for the reason that one animal required twice the average 
time and thus raised the mean 

With the shift in buzzer position after learning, 7Z 7 was the median 
percentage of the original number of learning trials required for the animals 
to reach their former level of performance The average score showed 
86% the original number of trials required to adapt to the sound change 
In terms of feet traversed in blind alleys during learning, the median 
animal covered 75% of this original distance in the test senes before the 
maze performance approximated the original wherein sound scimulntion 
had come from the left The average score of the animals in feet retraced 
was 87% the tuie pathway retraced in the training series A comparison 
of the final two training trials with the first two of the teat scries indicates 
that the average maze and rimning-timca in the test senes exceeded those 
of the training senes by 50% 

The influence of auditory stimulation on the maze behavior of these 
animals is still further apparent from n consideration of the character of 
the errors made m the test series To reach the food in the training 
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series the animfils had necessarily at one point to make a left turn carry¬ 
ing them (iway from the sound source With the shift of the sound to the 
right, however, this left turn now carried diem tonunrd the sound source 
Nevertheless, In the test tiiala, tlic animals continued at this point to turn 
away from the sound, consccjiicntly entering blind alleys for several trials, 
and thus indicating that auditory stimulation had temporarily prevailed 
over other modalities in inllucncing marc orientation 

3, When, with Uve rats tiaincd with sound, sound stimulation was 
omitted altogethci in the test senes, the average number of trials required 
to reach the former level of performance was 90% of the original number 
of training trials 

4 Measurement of the time required by rats in the group learning 
with sound stimulation to traverse a specific section of the maze lending 
toward or away from the sound suggests that the male white rat travels 
approximately twice as fast toward sound as the animal travels away 
from it This conclusion is based upon a comparison computed from the 
final two training trials wherein the perfoimance of the rat was more 
constant 

5. Finally, a general comparison of the performances of the two groups, 
those learning with sound nod those learning without sound stimulation, 
indicates that SS% fewer trials, S5% less maze time per trial, and 56% 
leas running-time per trial (median scores) were required by the 10 rats 
learning with sound than by the 13 rats learning without it The mean 
total maze time of the animals learning without sound was 2 5 times greater 
than that of the animals learning with it The mean total running-time 
was 2 36 times greater for the animals learning without than for those 
learning with sound The median scores of animals learning with sound 
show that the animals retraced 50% less true pathway and entered 27% 
fewer blind alleys than did the animals learning without sound. Animals 
learning the maze with sound show less disturbance, as measured in mean 
and median scores for time, trials, and errors, when the sound is shifted 
in position, than do animals learning die maze without sound when sound 
is introduced. 

Summary 

1 The maze performances of 23 male white rats were studied com¬ 
paratively in an elevated-maze situation involving the presence and ab¬ 
sence of auditory stimulation from an extra-maze source, with alterations 
in the position of the sound stimulus 

2, The animals learning the maze with sound make 50% fewer errors, 
traverse 27% less distance in blind alleys, and require approximately 55% 
fewer trials, 56% leas rimning-time, and 55% less maze time than animals 
learning without sound This confirms the statement of Patrick (10) that 
sound may facilitate learning 
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3 In the behavioi disturbances shown upon the shift in position of the 
sound source and upon the omission of sound after training with it, the 
animals gave evidence of localizing sound and of using auditory cues from 
the extra-maze envnonment m orienting on an elevated maze 
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FURTHER NOTES ON PUNISHMENT AND REWARD 
J M Stephens 

Tins study was designed to cast light on two points In the first place, 

I wished to sec if the lack of agreement between Thorndike's {2, Chap, XI) 
conclusions and some of my results (1) were due to differences in method, 
In the second place, I wished to determine if the same explanation which 
accounted for nny anoinatous results in my data (whenever such anomalous 
results did appear) would account for slmdaily anomalous results in 
Thorndike's data 

The lack of agreement mentioned above is briefly this In his Spanish- 
vocabulary experiment? Thorndike found that the oral announcement of 
"wrong” after nn error did not weaken the underlying connection but 
slightly strengthened it. In my experiments on motor learning, such oral 
announcement of "wrong" did weaken the underlying connection quite per¬ 
ceptibly^ 

It seemed quite probable that (his discrepancy was due to the differ- 
enccs in the experimental methods Thorndike's conclusions arc based 
largely on experiments in learning the English equivalents of 20D Spanish 
words. In his experiments the test of the influence of the reword or pun¬ 
ishment came 2+ hours oftci that reward or punishment had been applied. 
Moreover, during that interval the subject had made choices and hod been 
punished or rewarded in connection with 199 other similar words. In my 
experiments the test of the influence of the punishment or the reward came 
within a few seconds of its application and during that Interval nothing 
of a distracting nature was introduced. 

In order to ece if such differences would account for the discrepancies 
in the results I attempted to duplicate Thorndike’s technique in the respects 
detailed above 

The second of the two purposes was the more important. In the ex¬ 
periment on learning to hit the bull's eye of a target, I had found that, 
v?hile an oral announcement of "wrong" weakened the tendency, the an¬ 
nouncement of “wrong” by means of digitals of lights did not weaken but 
slightly strengthened the connection These latter results are in line with 
Thorndike's conclusions I found, however, that b meaningless (or neutral) 
flash of lights strengthened the connection even more than did a flash 
of lights meaning '"wrong" This was taken to indicate that the flash 
of the lights In itself strengthened the connection but the addition of "pun¬ 
ishing” information to that flash reduced the strengthening effect Con- 


’On the other hand, when the announcement was made by some signals 
of lights the connection was not weakened but strengthened (as m the 
case of Thorndike’s experiments) 
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sequendy, it seemcil not unlikely that in Thorndike's experiments the mere 
fact of saying something, irrespective of the meaning conveyed, might 
cause some strengthening of the connection 
A group of 29 summer-school students were given the vocabulary test 
of the American Council Beta Spanish Test, Form A. This teat was in 
multiple-choice form, the ■mbjcct underlining the English word he judged 
to be (he equivalent of the Spanish word On (he following day the subjects 
were given the same test modified so as to provide information regarding 
the correctness of the second day’s choice The diiections and a reproduc¬ 
tion of one page of the second day's teats are given In the reproduction 
some of the strips have been pulled off 

Directions In each line select the English word or phrase 
which most nearly corresponds with the Spanish word at the 
left Pull off the perforated strip which you find under that 



FIGURE 1 
Sample 

Solid black indicates a portion of the strip that is pasted down to the 
test paper. , , . 

Hatching indic.ntes a portion of the atrip that is not pasted down and is 
partially detached from the rest of the strip by means of perforations, 

A blank space indicates that the portion not pasted down has been torn otr. 
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word or plirnse. Pull off only one strip in cadi line BcneaCli 
some of tlic perforated snips you will find the letter “R" This 
\viH mean that you have chosen t)ie right woid Beneath others 
you will find the letter "W" which menns that you have chosen 
a wrong word. Beneath most of the strips you will not find 
any letter In that case you will not know whether yon are 
right 01 wrong, Remomher tl doa not titenn that you are 
■ui/a/iy, but merely that yon cmmol tell. Underneath still 
other strips you may find a blurred letter like this & This 
comes from the coircction of a mistake It should have been 
left blank by the typist It menus exactly the same as a blank, 
namely, that you just don't know whether it is right or wiong. 

After this page of directions and the sample, there followed 73 Spanish 
words each with its accompanying choices of English words Under each 
line was pasted a stup of paper with five sections marked off by perfor¬ 
ations These sections had no paste cn them and could easily be detached 
The letters referred to in Che directions were found under about 60% 
of these detachable sections. The significance of the letters will be clear 
from the directions 

The procoduie on the third day was exactly the same ns that on the 
first day. 

The technique outlined above differs from that employed by Thorndike 
cliicHy in the following particulars 


Thorndike’s experiments 

1 “Right” and "Wrong” announced 
Orally by cxperimcntci 

2 Information is given after every 
choice. 

3, One subject tested at a time 
4 Two hundred choices Involved 


Present experiment 
Subject determines his success or 
failiiie upon the removal of tlie slip 
Information is given after only 
609^ of the choices. 

Twenty or thirty subjects tested at 
a time 

Seventy thiee choices Involved 


These differences may be Important, The use of stnps makes possible 
a more constant control of conditions, since inflections in the voice, lack 
of assurance, hesitations, hurried corrections, etc, do not enter rn It is 

quite possible that these factors, which would be extremely difficult to 

eliminate in the oral situation, may be rather important, Moreover, it 

would be difficult to prove that such variations would not be In the nature 
of a constant error tending to occur more in the case of "wrong" than 
"right” or vice versa On the other hand, the use of strips makes the 
problem somewhat less natural and may distract the subject’s attention 
The use of sporadic effects instead of the legitlar application used by 
Thorndike may make some difference. The application of an effect after 
every choice presents n double type of information The subject is con¬ 
fronted with "wrong instead of light” rather than "wrong instead of 

nothing." 
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Such n modification on my part seemed unavoidable in comparing the 
influence of "right’' and of "wrong" If we axe to measure the influence 
of "knowing that a response is right” it acema that we must compare 
the influence of "a stimulus indicating success” and this latter la very 
different from a "stimulus meaning failure” No way of thus providing 
a control seems to offer itself except that of leaving a substantial number 
of choices unrcwaided and unpunished 
The third difference in technique is not likely to be important, except 
perhaps that there is, m the group method, some oppoitunity of going 
back over the choices and tiying to memorize them,® 

The influence of length will be discussed in detail later. 

From the above tests we can determine for each Spanish word (n) 
which English word was selected on the second day, (b) what information 
the subject received regarding that selection, and (c) whethci or not that 
choice persisted (le, whether or not the same English word was selected 
on the third day) It will be noticed that in these determinations we pay 
no attention to the words selected on the first day. 

From these data we aic able to select all those second day’s choices 
which were followed by no information and to compute what percentage 
of those choices persisted to the third day. Similarly we can compute 
the peicentagc of peisistence among the words followed by the other three 
conditions respectively (Table 1) 

From the above figures it seems quite clear that (a) a connection is more 
likely to peraiat if followed by "righ^’ than if followed by nothing at all, 

TABLE 1 

Number and Percentage of All Choices Persisting When Followed 
BY Different Conditions 


Total no of words 

followed by a Number Percentage 

Conditions gtven condition persisting persisting 


Blank (no information) 

US 

459 

56 ± 1 0 

Nonsense symbol (no information) 412 

2J9 

58 ± L6 

W (wrong) 

406 

178 

44 ± 1 7 

R (right) 

487 

376 

77 ± 1 3 

Right minus blank 



21 ± 1 6 

Blank minus wiong 



12 ± 20 

Right minus nonsense symbol 



19 ± 2 1 

Nonsense symbol minus wrong 



14 ± 23 


®From a casual discussion of these results with Professor Thorndike, I 
find that he attaches great importance to this possibility of "drill" in 
accounting for any disci cpancy in our results The point will, of course, be 
subjected to an experimental check In the meantime, however, I should 
point out that this possibility is present to some extent in nil experiments. 
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and {b) that a connection U less likely to persist if followed by "wrong" 
than if followed by nolbmg at all If we compare the influences of “right” 
and of "wrong” to tlie influence of the nonsense symbol we notice {c) that 
the weakening influence of "wrong” (lt%) h not greatly diifcrent flora 
the strengthening influence of "nght” (19%), the difference being only 
5 ± 3 1 This latter point is not picseiitcd ns final, however, for two rea¬ 
sons In the first place, the sticngthcning influeticc oi the nonsense symbol 
(58%) does not seem to be signiiicnntly different from the influence of a 

blank (56%) In the secend place, it is difhcnlt to sny that change from 

58% to 77% is the same as a change from 58% to (say) 39% 

The discrepancy between these lesuUs and those reported by Thorndike 
could, cf course, be due cither to the differences in administering or to 
the difference in the method of compimng the results As mentioned above, 
Thorndike had nothing coriesponding to our “blanks” by which he could 
determine how much chance a corrnection had of persisting when it was 
neither rewarded nor punished. In order to make such a determination 
Thoindiice used pure chance as a base line With live English words 
to choose from, the subject would select the same word over again by 
pure chance m 20% of the cases. To do awav with connections which 
were very stiong at the outset, he used only those words which did not 

persist from the first to the second trial In so doing ho reasoned that. 

If there were Initially a strong connection between any Spanish word and 
an English word, that English woid would he sclcctid on the iiist test, 
atid» conversely, that any word selected on the second day but not on the 
first had only a one to four chance of pcisisting unless something weic done 
to It* 

In our subsequent discussions those choices which persisted from the 
first to the second day will be called “strong" connections Those con- 
nectiong which appeared for the first time (i.e, which supplanted a pie- 
vious connection) on the second day we will call "weak" connections 
Thus Thorndike’s computntioiis wcie confined to weak connections (as here 
defined). 

When our data were reworked using weak connections only the facts 
shown in Table 2 appear 

From these results two facts emerge («) Theie is no evidence that 
a choice made on the second day but not on the first' has only a 1.+ chance 
of persisting to the third day; it seems to have a little better than a 1 2 
chance of persisting [b) Punishment, when compared to the influence 


*Thocndike attempted to check up on this method of reasoning by using 
only choices which first appeared on the thud and fourth trials (See 
2, pp 283-2S‘l.) Put piactically nil the data from the vocabiilaiy-lcarning 
experiments depend upon this sort of a contioi. 
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TABLE 2 

Number and Percentage or Weak Connections Persisting to the Third 
Day \rrER Being Sudjectpd to Diffmusmt Conditions 


Conditions 

Total no 
of such choices 
followed by a 
given condition 

Number 
persisting to 
the third day 

Percentage 

persisting 

Blank 



36 i 1 9 

Nonsense symbol 



35 ± 27 

Wrong 



30 + 25 

Right 



59 ± 26 


of "nothing happening" oi of “a neutral stimulus {nonsense symbol) hap¬ 
pening," seems here to have only a slight weakening inRiience This 
weakening inRuence, although not unassailable in view of ita probable error, 
is, however, suggested 

It should be pointed out that if we had used chance expectancy {20%) 
ns our base line we would have concluded that punishment had a strength¬ 
ening influence, since the punished connections persisted 10% more than 
would have been expected by chance 
The fact that the persistence of weak untreated connections was 36% 
rather than 20% will undoubtedly call to mind the comparable experiments 
of Thorndike In any comparison two cautions are necessary. In the 
first place, there are the differences in general technique mentioned above. 
Secondly, there is the open question as to whether or not "pulling off a 
strip and finding n blank” (my control) is the same as "underlining a word 
and receiving no information as to success or failure” (the control to which 
Thorndike attempted to approximate) 

In order to check against the influence of the second factor, and (par¬ 
tially) against the influence of length, I repeated the experiment with a 
modified form of the material On the first and third days the procedure 
did not differ from that employed in the original experiment except that 
only 44 of the test items were used 

On the second day, however, the technique of pulling off strips was 
applied to only 29 items In the case of the other 15 items the subject 
indicated his choice by merely underlining the word By this means I 
was able to compare the influence of "underlining a word and receiving 
no information” vs, "pulling off a strip and finding a blank " 

This check showed that the weak choices persisted in 57 ± 4% of the 
cases when they were merely underlined on the second day and in SO ± 4% 
of tlie cases when a strip was removed and a blank discovered From 
this we can conclude that the influence of finding a blank differs very little 
from that of underlining a word and being told nothing 
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The fact that the persistence of weak iiiitrcaietl connections is greater 
liere than in the original experiment does indicate that the length of the 
teat may have some influence—tUc lougei the test the less likclihooJ oi 
persistence 

The above fact must not ho taken na cstaliliHiicd since the two tests 
differed in one other respect than hi length It docs suggest that in 
Thorndike’s experiments, involvinfi n much loiigci test, the most probable 
persistence of the imirentcd weak connections might be less than 36^11, 
Whether or not it would he reduced to puce chance (20%) we havt no 
means of determining from our piescnt data, nor is it the concein of this 
paper We arc merely concciticd to show that if 20% had been used as 
the base line in f/ris experiment a constant error of from 14% to 18% 
would have been introduced 

We now turn to a consideration of some peciilianiies m the iniliieiice ef 
punishment on the weak connections. If the figuica enn he taken at then 
face vnluc, the influence of ininisliment on the weak connections is much 
leas tlmn its Influence on ell connections taken togctlici This npparent 
tendency will be clearer if wc compare the influences of punishment and 
reward on the two types of connections which sve nibitinrily call "strong” 
nitd "weak" ?or each type of connection I give the influence of pun* 
uhment and of rewned Wc will repeat the datn for the weak connecticns 
along with the new data for the strong connections. (Tabic 3 ) 

TABLE 3 

Numbpr and PBRCEnrAOB or Strong and Weak Conni'ctions Pcrsistino 
TO THE Third Day mpR DirrriuiNT Modes or 
Treatment on ihe Second Day 

Total no of connec- Number 
tlons (choices) persisting 
followed by n given to the Percentage 

Condition tonduion third day persisting 

Strong Weak Stiong Weak Strong Weak 


Blank 

563 

282 

367 

102 

65 

± 1.3 

36 

± 1.9 

Nonsense symbol 

277 

135 

192 

47 

69 

± 8 

35 

±27 

Wrong 

262 

144 

134 

44 

51 

± 21 

30 

± 25 

Right 

329 

158 

283 

93 

86 

=t 3 

59 

± 26 


The unique influences of punishment and of lewarcl are beat given by 
correcting for the influence of the "blank.’' or of the nonsense symbol 
I give these corrected data for botli stiong and weak connections. (Table 

4 ) _ 

Table 5 gives the extent to which the unique influence of "right" exceeds 
the unique influence of "wiong" under the different conditions respectively. 







SHORT ARTICLES AND NOTES 


471 


TABLE 4 





Strong 

Weak 

All 

Unique influence 

of reward (right minus 





blank) 



ai + 

18 

23 ± 32 

21 

Unique influence 

of punishment 

(blank 





minus wrong) 



14 + 

25 

6 ± 31 

12 

Unique influence 

of reward (right 

minus 





nonsense) 



17 

22 

24 ± 37 

19 

Unique influence 

of punishment 

(non- 





sense minus wi 

fong) 


n ± 

27 

S ± 37 

34 


TABLE 5 



Strong 

Weak 

Using blank as a base line 

Using nonsense symbol as a base line 

7 ± 37 
—1 ±. 3.5 

37 ± 44 
19 ± 52 


Since the above differences are compounds of many other dilTcrenccs 
their unreliability Is very great. Hovvcvcr, the figures strongly suggest 
that in the case of vreak connections reward is definitely more influential 
than punishment but that in the case of strong connpctions the influence 
of reward is not much different from that of punishment 
This fact also may hare a bearing on the interpretation of Thorndilte's 
results, since he used only weak connections. 

For the above difference in the influence of punishment there is no 
explaastKjn wthis the data themKives The slight inhaence of punish¬ 
ment on weak connections may, however, be due to the fact that the sub¬ 
ject has a different nmnd set toward a weak connection than he has toward 
a strong connection, It may be more disconcerting to And that a strongly 
entrenched opinion is erroneous than to And that on indifferent guess is not 
correct. In expressing a weak “hunch" our very statement often invites 
an answer of “No ” We say, “The trouble couldn't be due to this factor, 
could It?" A man asked to guess how much his wife paid for some won¬ 
derful bargain is probably more relieved to know the answer, than he 
is chagrined to hear that he guessed too much 
This satisfaction of “knowing the worst" in conaecllon with a doubtful 
guess may offset the annoyance which comes from guessing wrong In 
the case of an estimate of which we are very sure, there is no such prelim¬ 
inary anxiety to be relieved Consequently, the announcement of wrong 
would have no strengthening effect arising from the relief from that 
anxiety, 

We come now to the discussion of the second purpose of the investiga¬ 
tion—the attempt to ace if Thorndike’s resulta could be explained by the 
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action of the medium Obviously, wc cnn secure no information along 
this line since none of our computations confirm Thorndike's results 
Nevertheless, m the case of the weak connections, where the influence of 
punishment is apparentiy mucli less than that of rcwaid, I would have 
expected the mcdvinn (the nonsense symbol) to occupy n position approx* 
imately midway between punishment and reward. This, of course, it did 
not do, being, if anything, closer to punishment than was the influence of 
the blanks 

The failure of the medium to account for the lesser influence of punish¬ 
ment in the cfise of the weak connections may be due to 

1. an ittadcc\uatc representation of the medium, 

2 lack of any influence on the part of the medium, 

3, the masking of the medium by the “sense of relief" factor discussed 
above 

Summary and Conclusions 

From an experiment In which the eaacntfnl features of Thorndike’s 
vocabulary learning experiments were duplicated (but certain details 
altered), results appear which indicate 

1 that with reference to nil connections taken together reward strenglh- 
ena and punishment weakens connections; 

2. that, with reference to weak connections only, the influence of 
punishment appears much less maikcd, but is still suggested. 

The difference between these results and those reported by Thorndike 
may be due to 

1 the difference in the detaila of piocedine (especially with regard 
to length of tests), 

2 the fact that Thorndike used only weak connections, 

3 the fact that the influences of punishment and reward were measured 
from different base lines in the two experiments [chance expectancy (20%) 
in Thorndike's and an empirical control (36%) in mine] 
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A STUDY OF COLOR VISION IN THE MOUSE (MUS MUSCULUS 
L) AND THE IIOUSLIK {CITELLUS CITELLVS L) 

GAdor KolosvAry 

In this paper are prcaented observations and experiments which con¬ 
tribute to our knowledge of the color sense in animals 

Experiments with Mice 

The experimental box used in this study was divided into two sections, 
the first consisting of a food bcnc and a passage-way which led into the 
second section, a smaller compartment which contained the nests. The 
original nests, which were made of straw, were removed and m the passage¬ 
way were placed strips of paper for the animals to use in reconstructing 
their nests 

Two hundred and twenty strips of paper, each approximately 20 cm 
long and 1 cm wide, were fuinished, 110 white, and 10 of each of the 
following 11 colors purple, ted, rose, bright rose, orange, yellow, brown, 
bright brown, green, btue, and bright blue. 

The animals were given seven opportunities to rebuild their nests, the 
number of white and colored strips being recorded each time and the nests 
destroyed. At the first such opportunity 44 white and 8 colored strips 
were used Upon the destruction of the nests constructed of these strips, 
the animals carried away only 3 white and 2 colored strips Deprived 
of these, they again carried away only a few strips. When these were 
removed a period of mcreosed activity ensued in which oil the strips were 
carried into the nesting compartment. However, only 36 white and 12 
colored strips were used In the actual construction of the nests In the 
next experiment 10 white and 11 colored strips were utilized, in the sixth 

TABLE 1 

Number of Strips of Each Color Used in Each or the Seven Recon¬ 
structions OF THE Nests 

Color No of strips No, of strips used in each No of strips 

piescnted reconstruction of nests remaining 




1 

2 

3 

4 

S 

6 

7 


White 

no 

44 

3 

5 

36 

10 

12 

16 

4 

Purple 

10 








10 

Red 

10 

1 



1 


3 

1 

4 

Rose 

10 





2 

2 

1 

5 

Bright rose 

10 

1 

1 


1 

2 

2 

3 

0 

Orange 

10 






1 


9 

Yellow 

10 






2 

2 

6 

Brown 

10 




1 

2 

3 

4 

0 

Bright brown 

10 

1 



1 


8 


0 

Green 

10 




2 


4 

4 

0 

Blue 

10 

1 



2 

5 

2 


0 

Bright blue 

10 

4 

1 

1 

4 




0 
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experiment, 12 white niicl 27 colored strips were carelessly put together in 
the nesting compaitmeiit; and in the seventh trial, the nnimah atili more 
carelessly and hesitatingly earned away 16 white and 15 colored pieces 
From the mateiial remaining aftei this tnnl—4 white and 34 colored strips 
—they refused to make nests, but cowered in tlie comer of the hox, 

Table 1 gives the results of the seven experiments juat described, From 
the data presented in this table U appefirs that the mice showed a distinct 
preference for the white strips, since they left but + of these as compared 
to 34^ colored ones. Among the coIdts, u nppents that they favoTed the 
bright blue more thnn any other, while puiple and orange were the least 
favored Brown, green, and blue weic deculcdly favored when contrasted 
with the choices of red and yellow, the former being all carried away, 
while the latter were practically all left nt the end of the experiments. It 
should be noted that it was only after the fifth choice, when the bright 
blue strips and a goodly proportion of the white strips had been carried 
away, that the other colors were taken Finally, it is interesting to note 
that the bright tints were chosen in preference to the dnilcci ones 

BiePERIMbNn WITH A SOUSLIK 

Only one nnlmal was available for these experiments The piigmel 
nest was not disturbed, but 20 strips of white and 20 of blood-rcd paper, 
slightly larger than those used in the experiments with the mice, were 
strewn about the cage. The stiips chosen wore not removed from the 
cage but were taken from the nest and strewn about the cage after each 
experiment. Eleven experiments wcie made 


TABLE 2 

Numdeu of Red and White Stmts Usrn qy Souslik m Each or tub Eleven 

Experiments 


No. of 
experiment 

No, of 
strips 

white No of red 
used strips used 

T otnls 
White 

Red 

1 

10 

9 



2 

7 

5 



3 

14 

4 

31 

18 

4 

16 

6 



5 

20 

IS 



6 

3 

S 



7 

20 

18 

59 

44 

8 

16 

8 



9 

20 

20 



10 

20 

19 



11 

9 

16 

65 

63 

Table 2 

presents the choices 

made hy the nnini.'il. 

In the first 

expeii* 


merits the choices seem to be made in favor of the white strips, 31 white 
and 18 red strips being chosen in the first three experiments, and 59 white 
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and 4+ led in the next four. After the ninth experiment, however, it appears 
that the animal has become habituated to the red pieces and makes ready 
use of them 

Following the experiments with the red and white strips, 30 white, 30 
black, and 30 bright blue strips were placed In the cage with the souslik 
At Us first opportunity for choice the animal earned away 8 white, 9 
black, and 16 blue stiipa. The Second time, 10 white, 10 black, and 17 
blue weie chosen; the third time, 25 white, 26 black, and 30 blue; and 
the fourth time, all 90 strips were taken, It appears, therefore, that white 
and black were of approximately equal value to the animal, while blue 
was quite decidedly favored in comparison with either 
The next experunent utilized led, white, ond blue Twenty strips of each 
color were used Table 3 shows the choices made from these three colors 

TABLE 3 


NuMaEii OF Red, White, and Blue Strips Used dy Souslik in Each of the 

SiK Experiments 


No of 
experiment 

No of red 
strips used 

No of white 
strips used 

No, of blue 
strips used 

1 

8 

8 

16 

2 

8 

19 

19 

3 

7 

17 

20 

4 

8 

16 

18 

S 

9 

16 

20 

6 

7 

3 

IS 


It la evident that blue was chosen more than either of the other two anti 
that red was the least favored 

SicNincANCP or the Experimental Results in the Light of 
Former Studies 

There have been a number of investigations of the coloi sense m animals 
and it may be interesting at this point to summarize a few of the outstand¬ 
ing findings and to see how the present results fit in with them 

Hess and otheis, on the basis of experimental studies, deny the existence 
of color vision in the Aitliopocin Others, however, feel that the piohicin 
is still an open one, that experimental circumstances and methods have 
been inadequate for its solution, Extensive studies have been carried out 
with bees, especially by von Buttel Reepen (8) and Biorens do Haan (1) 
The latter writes "Die Bienen dressieren sich aiif die absolute llelligkeit 
des Dressurpapiers und von elner Dreasur auf das Verlinltnis der leiden 
Graunuancen wie bei den liohercn Tieren, ist keine Spur zu findcn” 
Frolich studied the problem with Cephalopoda and came to the con¬ 
clusion that his animals discriminated between red and blue Other in 
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vestigators, however, explain this discrimination on the basis of brightness 
diiferences. 

Herder has recently shown that fishes discriminate between dilTerent 
shades of gray and black, Von Fiisch rcpoits the same lesnlts, 

Yerkes' experiments with birds arc very well known lie secured positive 
results with hia multiple-discrimination boxes Kolilcr, Kat/, Toll, Jaensch, 
and Riekel found that hens react to color on n relative basis Hopkins 
(7;, working with mice, Gnjton (3), with ruts, and Wissenbiirgli and 
Tiboiit (ID), wilh giiincn pigs, also found that these animals react on a 
similar basis. 

Most interesting, perhaps, are the experiments with monkeys, Dahl 
(l), working with Cocopuhecus gr\icovu\dis, showed that this monkey dis- 
cnniinfltes between red and green and may form associations based on 
such discriminations Bierens de Haan (+) also found that monkeys make 
discnminations even between tints of a given color. 

From even ao abort n summary U nppenra that ammala may poaacaa 
an ability to dlacnralnate not only between colorsi but aUo between differ* 
encea of brightneaa in colore, to a degree correapondlng to the relative 
number of rods and cones in their retinas This generalization must be 
made only tentatively, however, since a great deal more experimental 
evidence is needed to clear up details 
It seems that more detailed knowledge must surely verify the supposition 
that in the optical apparatus every color is perceived with a separate organ 
or nerve termination. The color-sensitive cone, known to bo piesent In the 
retina of man nnd of nil tlie vertebrates, does not offer n sulTicicnt basis 
for the satisfactory explanation of jil the phenomena of color vision and 
color blindness. However, it seems certain, as von Biittel Reepen states, “dass 
die Blcnen m gcwisser Weise mehr sehen unci anders sehen wie wir” This 
may also be true of animals other than bees Although tlie human eye 
is sensitive only to rnys of 390 to 7<!0 m|i, there is no evidence that the 
eyes of other animals possess a sensitivity only for these wave-lengths 
The retinas of nocturnal animals, such ns the bat, the cat, and the mouse, 
are supplied with a much greater number of rods than of cones The rods 
are insensitive to color and mediate only sensations of colorless light. In 
daylight, on the other hand, the function of the cones increases m im¬ 
portance since the mediate sensations of coloi. 

Since green and blue, le., colors of shorter wave-length, stimulate the 
rods, and since, as we have pointed out, the retinas of mice are well sup¬ 
plied with these receptors, the choice of blue and white by the mice seems 
quite natural. On the other hand, red has little stimulating value for the 
rods, and papers of this color were seldom cliosen by the animals 
Evidence from the other experimenters whom I have mentioned and 
from the experiments here reported seems to indicate that colors, especially 
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bright colors and their tints, may be dminguiahed by animals This may 
not mean that single colors are perceived as such (perhaps because of the 
few cones present), but it does show that there is a “feeling of differ¬ 
ence,” 1 e , discrimination, even in animals whose retinas tire copiously 
supplied with rods 


Summary 

In summary, by a trainingless procedure we have shown that the mouse 
shows a preference for white and bright colors when given a choice be¬ 
tween these and darker colors. It also disciiminates between the blue 
and red color-groups of the spectrum, ie., between shorter and longer 
wave-lengths, preferring the blue 

The Bouslik, being a daylight animal, probably possesses more cones, 
it made no distinction between black and white as far as its choice of strips 
was concerned On the othei hand, It did distinguish between red and 
blue, preferring the blue more than any other color 
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Gladys C Sciiwlsingch Heredity and Eiivuouiaent New York, Mac¬ 
millan, 1933 Pp viii*t-4X4 400 

In a rapidly growing field there 19 need for freq^uent consolidation and 
appraisfll of results. Something of this kind occurs, of course, in the 
"summary of the literature’* accompanying almost any PhD. dissertation, 
in the gtnernl "juatificaiion'* with which many n published tcbearch is 
prefaced and in the reviews and annotated bibliographies which appear 
from time to time in the professional periodicals Seldom, however, do 
such summaries offer the detailed excerpts of original data and the critical 
synthesis of evidence which would enable the rcader-investigaior to con¬ 
clude' "The established points are these The findings nre inconclusive 
upon these other points Further work in the held can profitably take 
these directions" 

For the nauirc-nuttuce problem, or at least for certain aspects of it, 
Miss Schwesinger Ims essayed an unusually coinpi ehcnsivc evaluation 
Her volume was prepared “as part of an attempt to appraise the present 
status of knowledge in the ndd of eugenic research" The suivcy is in¬ 
troduced by two chapters on the measurement of Intelligence and personal¬ 
ity respectively; then comes the main contribution of the book, a summary 
of research studies upon liciedity and environment in rclntion to intelligence, 
This is followed by a chapter entitled “Viewpoints on Personality" A 
chapter of conclusions and an appendix on “Fields of Fujlhci Research" 
complete the work. 

The summary of icsearch studies, os one might expect, draws heavily 
upon the experimental work of the past decade and particularly upon the 
mveiitigations repoitcd in the 1928 Yeatbotk of the National Society for 
the Study of Education, and the histories of identical twins renicd apart 
whom Muller and Newman have studied The summaiy is by no means 
narrow at one-sided, however. U la documented by over tivci hundred 
references, delves back into the pioneer studies of G.ilton, traces the 
development of techniques since these early beginnings, and discusses 
modern investigations at considerable length according to the following 
classification' 

Rclaticin of intellectual resemblonce to degree of kinship and variation 
m general cultuie 

A Heredity similar 

B Heredity varied', environment similar 

C Influence of specific cnviionmcntal factois (cultural and plivsical) 

D Animal experimentation, 


478 



BOOKS 


479 


Essential tabular material fiom the most signiBcant investigations has 
been reproduced, and the author herself has compiled a number of useful 
summaiy tables and charts from her combined sources (e.g, correlation 
studies of family resemblance, comparison of intra-twm differences of 
identical and fraternal pans reared togethei and identical pairs roared 
apart, etc) Ilei chief conclusions seem to the reviewer fuily justified 

The evidence that there are important differences among in¬ 
dividuals in hei editary capacity for intelligence is entirely 
conclusive; the vaiiabilities and averages of large numbers of 
individuals under influences of varying environments are In 
process of being quite accurately determined And there is 
strong evidence . that the higher intelligence of the upper 
socio-economic groups as compared with groups lower in the 
socm-economic scale is to on impoitant extent due to differences 
in hereditary capacity 

In matters of detail, there arc several points where questions might be 
raised as to the author’s interpretation of data 

Fp 202, 20d, 221-224 Discussion of the various etatistical techniques 
which have been offered for evaluating the contributions cf nature and 
nurtuie to twin differences Though adopting a somewhat sheptical point 
of view toward these techniques, the author has not shown wherein they 
aic deficient (eg, Hirsch's unwariantcd subtiaction of the unsubtract- 
abie mean intra-pair differences of identical twins subtracted frorn 
those of fraternal twins in an attempt to establish the separate effects of 
heredity and environment) Neither has the relationship of tntra-iwh 
differeiucs to indmdual diffeiencus in the generality beer elucidated. 
This 18 an issue much in need of clarification, for it has sometimes been 
uncriticaliy assumed that establishing the proportional contributions of 
nature and nurture to twin differences has very genera! impiications. The 
reviewer has elsewhere aigued against this assumption, and has pointed 
out that when differences are relatively slight, as in the case of twin pairs, 
fixing the relative contributions of heredity and environment is without 
general interest 

P 235 “If . . all parental mates in n group are of pure brown-eyed 
stock, all the children will be brown-eyed, and the sib correlation will be 
I" The fact has been overlooked that a correlation coefficient is an ex¬ 
pression of concomitant variability, and that a pertectly homogeneous 
senes of siblings or of parents and offspring would jitid a correlation of 
zero. 

P. 237 “It may be noted that the coefficient of correlation between 
natural parent and child is around 3 . " The author’s summary table, 
from which this conclusion is drawn, sliowa that the parent-chiid correlations 
tend to cluster around 45 or 50 except when unreliable measures are used 

P 259 In discussing the mean intelligence level of the subjects of the 
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Stanford study of foster children, the author states that the increment ol 
Intelligence attributed to superior citvironiTiciit (about S points) is uisignifi 
cant, “as that figure falls rather closely ivithiii the normal range of varla* 
tiona on teat-retest records” This overlooks the fact that a <liRerence 
which may be due solely to chance in the test and retest of iiidhuluah la 
reliable when it repreaents the diaplaccmcnt of the mean score of a ffroiip 
of several hundred children, 

Pp 322, 329. The author compares the IQ’s of children having phys¬ 
ical Imndicapa with the IQ’s of unhandicappcii siblings, and assumes 
that allowance should be made for sibling rcgteaslon toward the mean 
But this would be indicated only if the handicapped cluldron had been 
selected on the basis of I Q Under the circumstances, there is no more 
reason for minimizing differences by allowing for regression of the 
siblings than there would be for cxaggciating diffcrcncea by allowing for 
regression of the handicapped children from the mean of their siblings. 

In (he chapter on (he measurement of intelligence the author prepares 
the reader for her survey of the nntiirC'nurluie literature on intelligence 
In the chapter on the mcnaurcinent of pcraonalUy, she prepares the render 
for not including a survey of the nnturc*nutture literature on personality, 
tikitig the view (hat “the factors underlying personality development arc 
as yet so incompletely understood by psycliologi^ts, the tools of measure¬ 
ment so inadequate, the research data so meager and insecure, that we did 
not fed justified m organizing such nn analysis” Instead (in Chapter 5), 
she has chosen to present "the mam points of view, the theories, the varjoiii 
approaches to the study and iindcistnndlng of personality which have grown 
up in the fields of psychology and psychiatry” 

Is It a reviewer's proper task to comment upon the Anf/jabe, or should 
evaluation be restricted to the author's success in following the rules which 
he himself lays down? Stoce Foyer's I/Jliriditi Psychalogique (1921) 
and Peter's Vererbint^ geistujer tiffevscl/afleu (1925) there has been no 
adequate, critical summary of the nnCurc-niirtiire literature concerning 
personality traits, although many would concede this literature to be not 
so meager and insecure as to be ignored. On the other hand, there have 
been numerous and recent critiques of methods of mcnaiircincnt, and of 
viewpoints on personality Whether a somewhat different allocation of 
space would have resulted in a suivey even more useful than the present 
one, we leave aa an unanswered question 

BhiinARA S Burks 

Ifisnliite of Child IP elf ate 
University of CaUfornia 
Betkeley, GaUfornta 
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